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To Measure—LIGHTNING 


Ces FLASH—a crashing, deafening roar— 
and 10,000,000 volts of man-made lightning 
thunders through the high-voltage laboratory. In 
the almost inconceivably brief time of one ten- 
millionth of a second, there is set loose 12,500,000 
kilowatts—more than fifty times the total electric 
power developed at Niagara Falls. 
From hundreds of experiments like this, G-E engi- 
neers have developed instruments to measure light- 
ning strokes. Instruments like the surge-crest am- 
meter, which has measured lightning currents as 
high as 160,000 amperes; instruments similar to the 
automatic oscillograph, by means of which flash- 
overs may be located on lines miles from the power- 


house. 


From the surge of lightning to the trickle of elec- 


GENERAL 


trons in a vacuum tube — these extremes illustrate 
the scope of G-E measuring activities. And in be- 
tween are the hundreds of other instruments — 
ammeters, voltmeters, wattmeters, instruments to 
measure resistance, frequency, power-factor. Each is 
the product of years of experience in the instrument 
field; each design embodies General Electric’s accom- 
plishments in all branches of electrical science. 
Made in ranges to suit every purpose, G-E instru- 
ments are available for every need. They supply the 
scientific knowledge to make your electric power 


more dependable. 


If you have a problem that involves the measure- 
ment of any quantity, remember that General Elec- 
tric is HEADQUARTERS FOR ELECTRICAL 
MEASUREMENT. 
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High Lights 


Induction-Motor Constants. The constants 
of single-phase induction motors usually are 
computed by means of polyphase formulas, 
with special adaptations to single-phase 
motor construction. A method of calcu- 
lating electrical constants has been de- 
veloped specifically for the single-phase 
capacitor motor, but is equally applicable 
to other types of single-phase motors (pages 
333-8). 


Flux Locus. A concept for the locus of rotor 
flux in a single-phase induction motor has 
been suggested in which the flux is referred 
to axes fixed with respect to the rotor; this 
concept is said to be less involved than 
either the cross-field or revolving-field theo- 
ries although it does not lend itself to quan- 
titative mathematical treatment (pages 
331-2). 


Inductance of Solenoids. 
issue presents the derivation of series ex- 
pansion formulas for calculating the mutual 
inductance of solenoids. The new formulas 
are derived from basic formulas of the 
National Bureau of Standards, and replace 
some of the older absolute formulas that re- 
quire exacting numerical computations 
(pages 347-53). 


Train Heating. Weather conditions have 
marked effects on the electrical energy re- 
quirements for traction and heating of 
trains, cold weather causing considerable 
increase in operating expense when power is 
purchased. A study of the relations of en- 
ergy and temperature is reported in this 
issue (pages 361-2). 


Rectifier Circuit. Measurement of tran- 
sient oscillations of small angular swing in 
synchronous machines, when made by the 
method employing a pilot alternator con- 
nected to the main machine, may be simpli- 
fied by a circuit employing rectifier tubes 
that enables the oscillograph to plot the 
actual displacement curve directly (pages 
339-40). 


Copper-Oxide Rectifiers. An equivalent 
circuit has been developed for representing 
copper-oxide rectifiers by replacing the rec- 
tifier element with 2 constant resistances 
effective during the 2 directions of current 
flow. Circuits are analyzed and the com- 
puted results obtained by this method are 
compared with oscillograms (pages 354-60). 


Carbon Arcs. Low-intensity, high-inten- 
sity, and flame arcs, 3 distinct types of car- 
bon arcs, have individual characteristics, 
and each is affected differently by variations 
in arc conditions. Effective application re- 
quires consideration of these characteristics, 
and adaptation of operating conditions to 
them (pages 319-24). 


A paper in this - 


Railway-Motor Standards. Advancements 
in railway motor design, and the develop- 
ment of new types of equipment for which no 
standards have existed, have made neces- 
sary a revision of the AIEE standards in 
this field; the new standards have been 
adopted as ‘‘American Tentative Stand- 
ards” (pages 312-13). 


Lightning Protection. Some 75 per cent of 
all interruptions on overhead electric power 
transmission circuits are attributed to light- 
ning. To reduce these interruptions and 
thus improve service, several methods of 
protecting power lines against lightning 
have been developed (pages 314-18). 


Committee Meetings. During the Insti- 
tute’s 1937 winter convention, meetings of 
many Institute committees and subcommit- 
tees were held (pages 380-2). Four tech- 
nical conferences also were held at the con- 
vention under auspices of Institute commit- 
tees (pages 383-4). 


Nominations for Institute Officers. In ac- 
cordance with the AIEE by-laws, the 
national nominating committee met during 
the recent winter convention. At that 
meeting, nominees for Institute offices for 
the year 1937-38, were designated (page 
375). 


Report on Dues. The final report of the 
special committee appointed several years 
ago to consider dues and related matters 
was presented to the Institute’s board of di- 
rectors at its meeting held during the recent 
winter convention; the committee recom- 
mended no change in dues (pages 388-9). 


Vehicle Lighting. Railroad cars, trolley 
cars, and motor coaches are now being 
equipped with decorative and highly effec- 
tive lighting installations that greatly im- 
prove reading conditions for passengers; il- 
lumination levels are from 10 to 20 foot- 
candles at the reading plane (pages 302-04). 


Core Loss. The magnitude of intersheet 
eddy-current loss in laminated cores, which 
may be important in large cores and with 
high clamping pressure, has been investi- 
gated, and a more rigorous formula for eddy 
currents in rectangular sections has been de- 
rived (pages 344-6). 


Current Loci. The variation of currents 
and voltages in a general linear a-c network 
connected to a single adjustable branch in 
which the current is adjusted under some 
given restriction is considered in a paper in 
this issue; the various loci are shown (pages 
325-30). 


Circular Loci. The method of circular loci 
may be conveniently applied in the calcula- 
tion of the variation of currents and voltages 
when self impedances are changed in various 
types of circuits operated at constant fre- 
quency. This method has been applied to 
the delta-star connection (pages 341-3). 


Lamme Medal Awarded. The Institute’s 
Lamme Medal for 1936 has been awarded to 
Frank Conrad of the Westinghouse com- 
pany, for “‘his pioneering and basic develop- 
ments in the fields of electric metering and 
protective systems’’ (page 388). 


Edison Medal Presented. The 1936 Edison 
Medal, highest award of the AIEE, was pre- 
sented to Alex Dow, president, Detroit 
Edison Company, at a special session of the 
Institute’s recent winter convention (pages 
378-80). 


Institute Members Honored. Five Insti- 
tute members were honored recently by Eta 
Kappa Nu, honorary electrical engineering 
society, in connection with the naming of 
America’s outstanding young electrical engi- 
neer for 1936 (pages 389-90). 


Capacitance. Calculation of the capaci- 
tance of a parallel-plate air capacitor may be 
made exact by a method that takes into ac- 
count the fringing of the flux; several ap- 
proximate formulas are also useful (pages 
363-6). 


Power and People. Social relations of tech- 
nical advances, considered from the aspect 
of the arts of energy production and distri- 
bution, are discussed in an address delivered 
upon the occasion of the presentation of the 
Edison Medal for 1986 (pages 305-11). 


Winter Convention. Reports of the various 
activities at the Institute’s 1937 winter 
convention held during the last week in 
January are given in this issue (pages 371- 
8&7). 


Directors Meet. For the first time, the 
AIEE board of directors met on 2 successive 
afternoons during the 1937 winter conven- 
tion; many matters of importance to the 
Institute were acted upon (pages 374-5). 


North Eastern District Meeting. Plans for 
the Institute’s North Eastern District meet- 
ing to be held in Buffalo, N. Y.,. May 5-7, 
1937, are progressing (page 390). 


Discussions. Some of the papers presented 
at the AIEE South West District meeting at 
Dallas, Texas, in October 1936 are dis- 
cussed in this issue (pages 367-70). 


DISCUSSIONS 


Appearing in this issue are discussions 
of the following papers: 


A Disturbance Duration Recorder—Frier . . . 367 

Electrical Features of the Texas Centennial Central 
Exposition—Fies" =! 7? "2"... Va nen Scene 368 

Experiences With a Modern Relay System—Gerell 369 
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Speaking of Conventions — 
A Message From the President 


N almost universal characteristic of 
the human family is the desire ‘‘to 
come together’’—‘‘con vento’’—‘‘con- 
ene.’”’ Twice in the last month have I 
en this demonstrated: once in New York 
- the winter convention of the AIEE; and 
yain in a far different way at Colon, Pan- 
na, where the picturesque natives of the 
thmus dropped every regular occupation 
lat they might fittingly celebrate the an- 
1al carnival just prior to the beginning of 
ent. Iam told that the term ‘“‘carnival”’ 
derived from 2 Latin words, vale (farewell) 
ad carnus (meat). In gay, picturesque, 
id sometimes ludicrous costumes, by 
arades through colorfully decorated streets, 
id enlivened by bands, the throng bade a 
erry farewell to meat. 
With the convention closing January 29, 
id an Institute trip through the South 
heduled to begin at Miami, Fla., on Feb- 
tary 12, Mrs. MacCutcheon and I feel that 
rovidence must have arranged that the 
rench liner ‘‘Lafayette’”’ should sail at 11 
m. on the 29th, and touch at Havana on 
le morning of the 12th. The Pan Ameri- 
in Airways ship at 3 p.m. should have de- 
vered us at Miami in ample time for the 
lorida Section meeting in the evening, but 
storm prevented this. On the trip the 
ip touched at Martinique, Trinidad, 
renada, La Guayras, Caracas, and the 
anal Zone. Of course, we traveled in an 
ectrically equipped ship and at each port 
e found that the electrical engineer had 
‘eceded us and provided lights, railways, 
umping stations, and refrigeration. 
As the delightful cruise drew to a close we 
ought of the many Institute conventions 
e have been privileged to attend, the 1937 
ew York convention in particular; and 
ie conventions of the future, the 1937 
ilwaukee convention in particular. 
The 1937 winter convention seemed one 
the busiest, most stimulating, and most 
teresting that we have attended. Our 
ily regret is that every member of the or- 
nization could not be there. The out- 
anding feature was the presentation of 
pers at the 14 technical sessions. There 
a mental stimulus through the authors’ 


[ARCH 1937 


personal presentation, which cannot be 
realized by reading alone; and the resulting 
discussion is sometimes more valuable than 
the paper itself. Frequently the discussions 
were continued outside the meeting long 
after it had closed. Next was the oppor- 
tunity offered, through the many inspec- 
tion trips, for observing the most modern 
electrical installations. The presentation of 
the Edison Medal to Doctor Alex Dow, out- 
standing pioneer and president of the De- 
troit Edison Company, was a memorable 
and impressive occasion fittingly climaxed 
by an inspiring address from Doctor John C. 
Parker, vice-president of the Consolidated 
Edison Company of New York, Inc. 

During the convention an unusual number 
of committee meetings filled every available 
room at headquarters. Carefully arranged, 
these committee meetings appeared to stimu- 
late rather than detract from the interest 
in the technical sessions. Because of the 
committee meetings many were present who 
otherwise would not have been able to at- 
tend. Some committees met on the first 
day, presented their recommendations to 
the board of directors at its meeting on 
Tuesday, and at a second meeting late in 
the week took steps to initiate the activity 
which had received the board’s approval. 

It has become customary to hold the 
meeting of the national nominating com- 
mittee during the convention week. This 
plan brings to the convention a prominent, 
enthusiastic, and active Institute member 
from every District. Opportunity is also 
offered to each member of the nominating 
committee to consult many other Institute 
members relative to the most important 
work of the nominating committee. 

For the first time in our history, the board 
of directors devoted 2 afternoons in a single 
week to the affairs of the Institute. 

Those who attend a New York convention 
see our efficient headquarters’ staff in opera- 
tion and realize what a busy place head- 
quarters is, 


Each day I overheard or took part in dis- 
cussions relative to Section activities, Sec- 
tion membership, Section management. 
Plans were discussed and final details com- 
pleted as to visits by national officers to the 
various Sections. Ideas were exchanged 
and enthusiasm given and received. 

Last and not least acquaintances were 
formed and strengthened, friendships re- 
newed, new friendships started. The elec- 
trical engineers were meeting on a common 
ground and with a common purpose. 

Great credit is due Chairman C. R. 
Beardsley, and all his committee chair- 
men, and the members of the committees for 
the excellent handling of all of the tremen- 
dous amount of planning and detail so es- 
sential to a successful convention. 

The members of the AIEE enjoy and 
profit by convening. This year 4 invita- 
tions were received for the 1938 summer 
convention and one for 1939. It was in- 
deed difficult to choose between these invi- 
tations, but Washington, D. C., was 
finally selected since the Section there is 
very active, has not previously been our 
host, can offer unusually adequate accommo- 
dations, and is located in a city we would all, 
like to visit. 

The next national convention will be at 
Milwaukee, Wis., next June, cooled by the» 
breezes from Lake Michigan. In last De- 
cember, I visited the hotel that has been 
selected for convention headquarters and 
saw one of the finest convention floors to be 
found in this country, with every provision 
for assembly and meeting rooms. The 
Milwaukee committee was organized over 
7 months ago and has planned an unusual 
convention of broad general interest. In 
spite of a recent story in Saturday Evening 
Post I believe in conventions of the type we 
hold and wish the author of that story 
might be with us in Milwaukee and observe 
how a real engineering convention is carried 
on. I hope to meet a large number of you 
at Milwaukee. 
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Improved Lighting in Passenger Vehicles 
} 


HE SCIENCE OF SEEING differs somewhat from 

the science of vision with which most of us are gen- 

erally familiar. The science of vision is a relatively 
old subject and deals with the eyes, their functions and 
limitations. The science of seeing, however, treats the 
human being as a seeing machine, particularly as regards 
its behavior, efficiency, and welfare. 

Years of research, from which grew this new science, 
definitely prove that lighting values and conditions of the 
past, and especially in the realm of transportation, are 
totally inadequate for what may be termed comfortable 
or easy seeing. Such ideas or beliefs as that 4, 6, or even 
8 footcandles represent adequate lighting have been 
literally blasted. 

It is obvious that of those passengers who attempt to 
read while patronizing transportation systems today, all 
but a very small percentage are 20 years of age or more. 
A recent survey indicates that of those at the age of 20 
years 23 per cent have defective eyesight; at age 30, 39 
per cent; at age 40, 48 per cent; at age 50, 71 per cent; 
while at 70 years of age 95 per cent have impaired eyes. 

Furthermore, investiga- 
tions covering several oc- 
cupational groups show 
that in the farmer and la- 
borer class, where work is 
usually carried out under 
daylight conditions only 
(500 to 8,000 footcandles), 
less than 20 per cent have 
defective eyes. In the car- 
penter and painter groups, 
a percentage of from 20 to 
40 is noted; the machinist 
and printing occupation 
from 40 to 60; housewife 
and textile worker from 60 
to 80; and in the drafting ~ 
and stenographic field from 
80 to. 100. 

The foregoing is men- 
tioned for the purpose of 
bringing out the great need 
for more and better light- 
ing, not only for the pur- 
pose of aiding those eyes 
that are already defective 
but also to serve to protect 
those millions of eyes that 
are as yet unimpaired. 

It is encouraging to note 
that recently the several 
transportation agencies, in 
their earnest efforts to serve 
the needs of the public, have 


Fig. 1. 
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Combination indirect and direct louvered 
lighting systems in a modern stream-lined day coach 


Indirect lighting system consists of 15-watt 60-volt lamps 

located above air-conditioning baffle; individual seat light- 

ing is from 60-watt 60-volt tubular lamps located above trans- 
verse louvers in edge of bag rack 


Vehicle Lighting 


a 


begun to give serious thought to this subject of lighting, 

The modern day coach shown in figure 1 is indicative of 
the strides being made by the more progressive railroad: 
It is lighted by means of a combination indirect and direc 


2 as. 


general illumination, is delivered from a single row 
lamps spaced along the center line of the ceiling. Direct 
view of these lamps is prevented by the unique ba 
which not only directs their light toward the ceiling but 
also serves as the duct for air conditioning. 

This system is supplemented by individual seat-lighting 
fixtures of the direct type properly louvered, which are 
incorporated within the rolled edge of the continuou 
basket or baggage rack. Approximately 12 footcandles" 
are obtained at the reading plane. About 5 watts per. 
square foot of floor area are provided. Ty 

No discussion of rail transportation would be complete 
without presenting some of the lighting treatments which 
are being incorporated in the new Diesel-electric stream- 
line trains. Figure 2 shows a portion of a truly modern 
observation lounge car. The lighting here is delivered 
from a semi-indirect open- 
top louvered-bottom alumi- 
num trough containing 
small-wattage lamps located 
on approximately 77-inch 
centers. The general il- 
lumination is secured by 
light reflected from the ceil- 
ing and the reading-plane 
illumination derived mainly 
from the direct light from 
the lamps. The front edge 
of the trough and the trans- 
verse louvers in the bottom 
of the trough protect the 
eyes of those seated from 
direct view of the lamps. 
Approximately 12  foot- 
candles of illumination are 
provided at the reading 
plane. 

Another example of mod- 
ern train lighting which is 
quite worthy of note is that 
of a recently built Pullman 
sleeping car shown in figure 
3. The general illumination 


ee a 
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An article written especially for ELEc- 
TRICAL ENGINEERING, based upon an 
address by H. H. Helmbright of the 
incandescent lamp department of the 
General Electric Company, Nela Park, 
Cleveland, Ohio, before a meeting of 
the transportation group of the New 
York Section, April 9, 1936; recom- 
mended for publication by the AIEE 
committee on production and appli- 
cation of light. 
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Fig. 2 (above). 


observation lounge car 


Each trough contains 10-watt 32-volt lamps spaced 7 inches apart 


furnished from a continuous trough of the direct lighting 
pe, in which are also incorporated the air-conditioning 
itlets. The semicylindrical glass sections diffuse the 
sht from the single row of lamps which are mounted 
ithin a reflector recessed into the ceiling. A night light- 
g circuit consisting of low-wattage blue-colored lamps is 
so included to facilitate reading the section numbers and 
so to insure safe passage along the aisle after berth sec- 
ons are “‘made up” for occupancy. 

A new type of berth-lighting fixture furnishing approxi- 
ately 10 footcandles is installed at both ends of the 
ction. This fixture is also equipped with the blue night- 
hting feature. 

Train-lighting systems of the totally indirect type, 
though possessing many virtues, are rapidly being aban- 
ned, partly because of their extremely low efficiency 
om 8 to 15 per cent) and the rapid depreciation of their 
flecting surfaces under railroading conditions. Further- 
ore, a totally indirect system that would produce foot- 
ndles in keeping with modern standards would prob- 
ly produce uncomfortable ceiling brightness that would 
annoying to the eyes. 

Strange as it may seem, the electric street-railway 
dustry, which until recently seemed doomed to be re- 
aced by the motor bus, has taken a ‘‘new lease on life.” 
1e industry has joined with the various manufacturers 
electric railway equipment in staging a “‘comeback.”’ 
distinctly new type of vehicle has been developed that 
fers in many respects from the general conception of 
2 street car. Lighting, consisting of a relatively large 
mber of bare lamps studded throughout the car ceiling, 
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Semi-indirect louvered-trough lighting in an 


Vehicle Lighting 


Fig. 3. A modern Pullman sleeping car lighted by 

central lighting system and new berth-lighting fix-: 

tures; night-lighting circuits are incorporated 
within fixtures 


The ceiling fixture of the continuous direct type contains 

10-watt 32-volt lamps on approximately 7-inch centers above 

semicylindrical flashed opal glass; small 6-watt blue-coated 
lamps are provided for night-lighting use 


has been replaced by more efficient and less glaring 
systems giving the passenger from 10 to 20 footcandles of 
lighting. Figure 4 shows one type of street car that has 
been equipped with the semi-indirect louvered trough 
producing an average of 18 footcandles throughout the 
car. This replaced a direct system delivering from 8 to 10 
footcandles at the reading plane. 

Another continuous louvered system in which the 
greater portion of the light is directed toward the reading 
plane has been produced and installed in trolley busses 
(figure 5). This design also delivers approximately 18 
footcandles at the reading plane, but permits a spacing of 
lamps 50 per cent greater than in the semi-indirect trough 
shown in the street car (figure 4). 

Other modern and efficient types of lighting systems 
recently produced have fixtures of the direct type placed 
directly above each transverse seat. In general, the 
design is such that accurate control is obtained, thus 
preventing direct glare from reaching the reader’s eyes. 
This control may be secured by means of lenses or by glass- 
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Fig. 4 (above). Street car 
equipped with open-top 
louvered-bottom aluminum 
trough for lighting 

Trough contains 30-volt 1-ampere 


automatic-cutout lamps spaced on 
10-inch centers 


. Fig. 5 (right). A modern 
trolley coach with recessed 
louvered trough for lighting 


Trough contains 30-volt 1-ampere 
automatic-cutout lamps spaced on 
approximately 15-inch centers 


enclosed reflectors. The 
lighting efficiency of these 
systems, in terms of foot- 
candles at the reading plane, 
is slightly greater than that 
obtained from either the 
semi-indirect or direct lou- 
vered trough. 

The gasoline-motor-coach 
field, desiring to maintain its present 
position in city transit and also to com- 
pete successfully with the new-type 
street car and the electric trolley coach, 
is making rapid progress in the art 
of lighting. Power supply has been 
increased from approximately 150 
watts to 750 watts and in extreme 
instances to 1,200 and 1,500 watts. 
Present day practice results in one 
fixture containing a 21-candlepower 
lamp being placed above each trans- 
verse seat or its equivalent. Until 
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Vehicle Lighting 


i 
: 
recently, one fixture containing a 15. 
candlepower lamp and in some cases 
only a 6-candlepower lamp, placed 
above each alternate seat, was con- 
sidered adequate. | 

Here again the lens or the reflector 
design is used to obtain high output 
efficiency and to avoid objectionable 
glare. By the use of the 21-candle 
power lamp as mentioned, it is possible 
to obtain approximately 10 footcandles 
at the reading plane. In figure 6 a 
good example of modern motor coach 
lighting is shown. t 

Judging from the intense interest in 
illumination that is being 
displayed by transporta- 
tion officials, it is believed 
that the time is not far 
distant when transporta- 
tion lighting conditions 
will be quite in keeping 
with those obtaining in 
other fields where usual 
seeing tasks are per- 
formed. Lighting still 
remains one of the most 
important tools available 
to the transportation field 
in furthering the develop- 
ment of passenger travel. 


Fig. 6 (below). Modern 


lighting in a motor coach 


Openlouvered-typefixtures are 
used with a 12-16-volt 91- 
candlepower lamp in each 
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Power and People 


By JOHN C. PARKER 


FELLOW AIEE 


more about power engi- 
neering than about any 
the other varied aspects of 
ir profession, it seems suit- 
le in large part, in attempt- 
g an inquiry into the social 
lations of our more mechani- 
Ul performances, to use some 
pects of the arts of energy 
‘oduction and distribution as 
pical rather than as the exclusive subject 
atter of our discussion. I suspect that 
e are in essential agreement as to all 
iat will be said here this evening. Cer- 
inly I do not believe that I shall be 
‘inging any new ideas to you, nor is what 
have to say any recently inspired prod- 
t of the vigorous or violent sequence of 
rents in this decade. I hope to suggest 
r your reconsideration things already 
ell known to you, but which, under the 
essure of necessity in material things, 
1 of us are likely to get into a wrong 
rspective or even entirely to forget. 
I approach a discussion of the relation of technology to 
imanity with a greater hesitation because today it 
ems increasingly convenient to seek implications behind 
plicit terms. Will you accept my assurance that no 
ggestions are intended beyond the things actually dis- 
issed? Whatever applications to engineering conduct 
ay be suggested, it would be most improper before a 
ciety of professional engineers to attempt to preach at 
her elements in society. I think it may fairly be said 
at however vivid our professional imagination and how- 
er sound our social conduct, we engineers are not charac- 
ristically possessed of an extraordinary degree of social 
lagination. 
This comes about through the very nature of our train- 
y and more particularly of our engagements. Probably 
ere is no calling more definitely social in its character 
an is that of the engineer. The engineer does not live 
life of isolation but on the contrary works with and 
rough other men. His work, whether it be in research 
design or construction or production or commercial 
stribution, involves understanding of, and adjustment 
and co-operation with other men. A community of 
ort is necessary to the complete realization of his under- 
kings. He has then a high reality of contact within a 
sely articulated social unit. In this his work is defi- 
ely more social than that of the physician or of the 
vyer or of the minister of souls or of the exponent of the 
ative arts, each of whom, in a large degree, works as an 
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The application of technical advances to the wel- 
fare of mankind is held to be the true contribution 
of engineering to civilization, rather than the ad- 
vances themselves; power together with tools to 
use it, and not power alone, led to American 
industrial development. 
availability of large amounts of power is necessary 
in order that standards of living may be raised, 
and maintained. 
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individual. In that very fact, 
however, the engineer has 
at once a satisfaction and a 
limitation of his social con- 
tacts. With other men, largely 
More than merely the of identical or at least of 
closely related interests and 
limitations, he finds satis- 
faction for his desires for hu- 
man contact and such satis- 
faction easily enough so pre- 
occupies his time that he can easily fail 
of social understanding of the people whom 
his profession serves or of the social signi- 
ficances of his own works. 

The profession perhaps is not unlike 
the cloistered monastic orders, living their 
intensely intimate and interrelated lives, 
out of touch with the world immediately 
about them. The physician or the lawyer, 
on the other hand, carrying on an individual 
practice even with people in their less nor- 
mal temper or physical state, does have of 
necessity a vividness and reality of con- 
tact with people other than his coprofessors, 
and properly to do his work must have the imagination 
broadly to interpret their lives, their needs, and the 
significance of his professional efforts in their behalf. 

These individual service professions do come closer to 
the people served than do we. 

In consequence of engineering remoteness, we perhaps 
become obsessed with the technical beauties and interests 
of our work and with the human problem of co-ordination 
with our fellows in creation and miss some perspective of 
how our works touch on the larger interests of society. 
Not infrequently, it seems to me, we have missed entirely 
the large significances of engineering and perhaps as fre- 
quently, in the fashion so common among self-deprecatory 
people, we have put up a certain defensive insistence on 
importances which simply do not exist. 

If at both extremes the world has taken us at our own 
depreciated valuation, there can be little complaint on our 
part, nor can there be any great surprise if the less ponder- 
able and less obvious values in us and in our works are not 
spontaneously accepted. Of course, it hurts our finer 
professional sense if people think of us as mere technicians 
of unimportant arts, whether the niceties of sound engi- 
neering analysis are appraised merely as necessary con- 
tributions to a socially unimportant technique, or, as 
might be inferred from lay references in the news columns 
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and in the advertising space, the engineer is esteemed as 
only a slightly sublimated form of mechanical handyman. 

On the other hand, when laymen, editorial writers, and 
public officials agree with us in adulation of our works and 
hail engineering achievement as the be-all and the end-all of 
social progress, it is easy for us smugly to agree with what 
is at once too narrow a conception of the value of our work 
and too great an emphasis on its place in a world of human 
beings. When such a philosophy becomes characteristic 
of a nation or of a period, we may well be in desperate 
danger. 

There is not exaggeration in the belief that a dispro- 
portionate acclaim is given to mere mechanical achieve- 
ment. 

A few days ago an eminent traveler expressed his belief 
that the hazards of life were great in this country because 
we were the most highly civilized, the cause or the evidence 
of our civilization being, in his mind, the fact that we have 
so many machines. The extraordinary thing is that that 
remark did not produce any comment in disclaimer of 
mechanisms as either an origin or an evidence of civiliza- 
tion, though in all truth an essentially barbaric people 
might produce as great engineering works as did the un- 
civilized Romans in their crudest period of material well- 
being. 

The truth is that our engineering activities are not 


necessarily evidences of civilization, nor, although they 
almost essential, are they by themselves the means 
civilization. On the contrary, when pursued too narrowl 
they can be destructive of the real values in living. 

The engineer does not need to arrogate to his works 
undue or an undeserved importance in order to find a 
splendid justification for his calling. Reasonable social 
awareness will disclose paramount reasons for a fine pr 
fessional pride. 

These lie in 2 categories, of which the first, and the om 
which can be a most extraordinary contribution to 
welfare of the race and to the progress of our times, li 
in the engineer himself. I need not develop at gre 
length all those characteristics which most mark the m 
who have been the pride of our profession. ; 

The engineer who is an engineer approaches his work 
without bias and with a mind freely open to conviction. 
He cannot be a special advocate and remain in any pro- 
fessional sense an engineer. Whatever may be the limits 
of his vision, he does at least possess a fine objectivity in 
his imagining. For him no sentimentality or wishful 
thinking will conjure up visions different from the world of 
things as they are. His creative thinking is the finer 
ability to project the observed facts of today into princi- 
ples and rules of conduct and a clear picture of possi- 
bilities that are certainties because their origins are actual. 
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Because of his freedom from bias and the objectivity of 
s thinking, he must of necessity be possessed of integrity, 
id because he is intellectually honest and open-minded 
2 is tolerant of judgments that do not conform with his 
wn, while courageous and firm when he gets out of the 
Id of opinion and into that of fact. 
If as a profession we can gain acceptance by the world 
the personal qualities of the engineer as freely as it has 
en willing to accept his works, society’s debt to us will 
> enormously greater. 
Secondly, the works as well as the character of the 
igineer give him aright to claim a great place in the 
teem of mankind, not for the things themselves but 
t these things in their relation to civilized living and 
inking. There is a profound and important difference 
re and one which in practical effect needs the most pains- 
king care to avoid damaging, if not fatal, error. The 
stinction is that between sterile virtuosity and a vital 
tistry which reaches into the very fibers of men, or again 
is not much different from the contrast which exists 
tween a flippant self-indulgence in metaphysical acro- 
tics and the beneficent philosophy which gives us God, 
-edom, and immortality. 
To get down to cases, the production of the electric 
‘ht or the development of an industry about it means 
thing or less than nothing except as it may be related 
an over-all improvement in the welfare of mankind. 
uly this art has enabled men of good purpose to live 
eir lives in greater security and nobly to employ extra 
urs redeemed from darkness. I think it is not at all 
reasonable to claim that the writing and the wide 
blication of fine literature have tremendously been 
mulated by the possibilities created by this one art of 
e engineer. 
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The pure lines of the catenaries spanning the Golden Gate and the rhythmic proportions of their supporting towers are a 

orious outward expression symbolic of the courage and dignity of the conception and of the long period of painstaking 
and anxious preparation” 


The important thing to recognize, however, is that the 
technical achievement has gained much of its significance 
as an adjunct to the arts. The production of a minute 
lighting unit is only a slightly more advanced form of 


_ achievement than that of the man who writes the Lord’s 


Prayer within the space of a postage stamp, but the pro- 
duction and adaptation of such a luminant for the nicety 
of a surgical operation becomes a service very real indeed. 

What is important here is, of course, how people use the 
power that we place in their hands. Quite as easily, if 
humanness of feeling and cultivation of mind do not go 
along with our technical possibilities, these can become 
curses rather than beneficences. 

So, if we please, the telephone and the telegraph, inter- 
esting inventions, marvelous expressions of research and 
energy and co-operation and faith, still remain things of 
little importance except as they bring people into more 
familiar intercourse and closer understanding one of 
another, except as they remove the narrowness of isolation 
and contribute to the genuine happiness and welfare of 
men. 

Our great railroad systems would not be worthy of the 
sacrifices that have gone into creating them were it not 
for what they have done in enabling men to push out into 
freer and more intelligent lives and to grow, and them- 
selves, through the agencies of transportation, to be of 
service to other men in distant parts of the world. The 
automobile merely as a device for speed and restlessness 
would be a wonderful mechanical achievement and a curse 
to the race, but men have been able to relate themselves 
to, and to appropriate, these engineering achievements 
for a more decent living and as aids to something more 
than merely material happiness. In all these real values 
our engineering works have gained their significance be- 
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cause of uses ancillary to other functions of living, and 
doing so have become vastly greater even than the engi- 
neers conceived. 

I would not be thought for one moment to be depreca- 
tory of the intrinsic romance of engineering achievement, 
nor would I concede that engineering structures are 
deficient in beauty and in nobility. The pure lines of the 
catenaries spanning the Golden Gate and the rhythmic 
proportions of their supporting towers are a glorious out- 
ward expression symbolic of the courage and dignity of 
the conception and of the long period of painstaking and 
anxious preparation. The spiritual qualities of such an 
engineering work may be different from those appearing 
in a work of poetry, art, or music, but because of difference 
they are no less present. All one would say is that in both 
the engineering and the less rigorously scientific fields of 
the other arts the real beauty, the real romance, the real 
nobility come from interrelation with life. 

Indeed such things as we have spoken of—the service 
which engineering works render to life, and the spirit and 
the character with which the engineer approaches his 
profession—are the stuff of which the arts and philosophy 
are made. 

Even in the narrowly technical sense, our portions of the 
arts are portions and not the whole, and a great deal of 
disappointment and some social disturbance can be 
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avoided by recognition of that. A spe- 
cific instance may illustrate the way in 
which absence of realistic social aware- 
ness may lead to dangerous implications, 
There is a general public interest in 
the problems of power production and 
distribution that is way out of proportion 
to any significance even so important an 
art has in the affairsof men. This would 
be puzzling if it were only a recent phe- 
nomenon. It is not the less disturbing 
because of the fact that it has been devel- 
oped over a period of years by an ill-con- 
sidered but perfectly honest enthusiasm 
which has mistaken simultaneity of oc- 
currence for a relation of cause and effect, — 
When in the middle and late ’20’s the 
rest of the world was suffering the eco- 
nomic aftermaths of war and we in this 
country were riding on the full tide of 
what we believed to be prosperity, we 
explained to ourselves that we had so 
many horsepower back of the elbow of 
every American working man. The Daily 
Mail sent an English commission to dis- 
cover that mechanically developed power 
was the great secret of American pros- 
perity; the Soviet Union initiated its 
series of 5-year plans with an emulation 
of the great American electrical industry, 
while Fascist Italy sought to develop 
the backbone of the peninsula through 
a superpower system. I have no quar- 
rel with these things, but I had then 
and have today a profound disagreement with a wrong 
emphasis. 
The power engineers of this country have done, as the 
engineers have done in practically every field of American 
endeavor, a glorious job and they continue to do so. We 
have produced and distributed a superlative quality of 
service at extraordinarily low prices. It has been made 
available to the largest feasible percentage of the popula- 
tion and is used in a degree almost unrivaled throughout 
the world. Yet this much vaunted power use did not 
suffice to keep us from plunging headlong and with charac- 
teristic American vigor into the world depression. There 
is no reasonable basis for believing that power develop- 
ment on an even greater scale in this country is going to 
pull us into the prosperity which the secret of American 
well-being a dozen years ago was not able to preserve for 
us. Claiming all the territory in sight at that time was 
a result of rather superficial thinking. Power engineers 
today would be foolish if they accepted the responsibility 
implied in the theory that dynamic development is a 
thing precedent to social or economic uplift. Acceptance 
of any such idea will simply find the power people again 
discredited. 
Let us see what the actual fact is in regard to the place 
of power development in the American industrial picture 
of the predepression days. There was more power at the 
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ommand of the worker in industry than existed anywhere 
Ise in the world. It is so rudimentary as to be almost 
rite to say that the factory worker did not take x kilo- 
yatts into his hands and apply them directly to a bunch 
f steel ingots and have a freight car emerge from the 
rocess. Not only that, but American industry did not 
et out with the idea of trying to apply power to industrial 
roduction and thereafter discover the means for utilizing 
ower. Ingenuity, energy, and the courage of conviction 
roduced the machine tool, the turret-lathe, the auto- 
natic screw machine, punch presses, and drop hammers. 
“hese called for power and for power in ever increasing 
juantities. Without an ample supply of dependable 
ower at modest prices we should have had carefully to 
estrict the use of power in manufacture and the hand 
rrocesses would have persisted here as they have else- 
vhere. 

The power industry saw a commercial opportunity and 
bserved a social responsibility. Its place in the picture 
s sufficiently great in that it did supply that which was 
lecessary to the operation of the machine tool. 

Neither power nor the machine tool without the other 
ould have established the American methods in industry, 
ior could both of them together have done very much 
vithout the development of elemental metals and of alloys 
nd plastics which should lend themselves to the processes 
f quantity production. These again would have been of 
ittle use had it not been for the development of design 
lirected quite as much to the working of modern materials 
hrough the power driven machine tool as to the function- 
ng of the product after it was made. An entirely new 
echnique of design was called for, a technique superb in 
ts philosophic simplicity, in its intellectual straightfor- 
vardness, in its impatience with artifice or dissimulation. 
3ut neither design for production, nor modern materials, 
ior machine tools, nor the power to drive them, or any of 
hem in combination would have been of the slightest use 
vithout one of the greatest contributions that America 
las made to industrial progress. That contribution may 
ye described in any one of its aspects as the use of tolerance 
imits, interchangeability of parts, standardization, the 
ise of limit gauges. Again there is a whole philosophy 
f moral conduct suggested in the conception of units 
nterchangeakly and excellently adapted to correlation 
vith other units for the production of a whole, no one 
veing required to be perfect but each one being limited to 
, tolerable excess or deficiency from a working ideal. 

When all of this is said and done we have not yet quite 
pproached the full story of the place of power in the busi- 
less of satisfying the needs of the people. Engineers well 
inderstand that the process of industrial production, 
vhether it be in machines or textiles, in meats or maga- 
ines, is a function of quantity. Below a rather large 
ninimum an enterprise cannot develop the methods of 
nterchangeability which make the machine tool tolerable 
r which bring power into the service of the workman. 
interprise and courage and a reasonable assurance of 
uccess are necessary as inducements to the people who 
isk their savings in enterprises which may become obso- 
ste on a whimsical turn of fashion or impotent through a 
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major economic disturbance. This is the part of the 
entrepreneur who, in a very real sense and working outside 
the fields of power development, has been necessary to the 
development of the industrial uses of power in this 
country. 

All these elements put together might have accomplished 
nothing had it not been for the superb achievements in 
distribution which have brought the end results of indus- 
try to the final user. 

Some engineers and a certain sentimental type of social 
scientist occasionally deprecate the function of commer- 
cial distribution and find it quite without use. I am not 
at all sure that advertisers and merchants are perfect or 
even intelligent in their processes, but I do know that it is 
something to have persuaded several millions of people 
to want a new agency of transportation and to promote 
such construction of roads as would make it possible for 
those millions to reorganize their living about an auto- 
mobile, and to persuade those same millions to accept an 
at least currently standard type of machine rather than 
individualistically to insist on going without through de- 
votion to the fetish of tailor-made cars. 

I am not permitting my enthusiasm to enlarge the im- 
portance of the nonengineer in this whole sequence of 
development. I know perfectly well that salesmen and 
capitalists did not in the first instance plan all that they 
have produced any more than the power engineer, when 
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he developed his induction motor, had any idea of apply- 
ing it to the gargantuan rolls of a steel mill. I am simply 
saying that these people, like ourselves, recognized facts 
as they came along and had imagination to build from 
them a little at a time until from gradual progress there 
developed a philosophy of commercial existence. Indeed, 
had they tried to devise an economic or industrial system 
out of their own imaginings they would probably have 
come off very badly. 

The machine tool itself was a product of necessity. It 
probably never would have come into at all substantial use 
had it not been that the cost of supporting the typical 
American workman made necessary some means tre- 
mendously of increasing his productivity. 

Note well that every one of these elements which we 
have sketched has been essential to modern industrial life 
as we know it; even more than that, has been essential to 
modern nonindustrial living. Our enthusiasm for one of 
these elements in which we may happen to be particularly 
interested—let us say power—should not run away with 
our sense of proportion. On the contrary, it seems to 
me that our pride in our own service becomes greater if 
we have an adequate picture of where it fits in as an essen- 
tial and considerable element of something enormously 
bigger than itself. 

We need not be at all deprecatory of the importance of 
our power developments as service to the home or to the 
farm merely because we may be realistic in our apprehen- 
sion of the fact that many other things enter into life and 
that the life is more than meat and the body more than 
raiment. It is understandable, though not by virtue of 
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an unrestrained enthusiasm for his particular field of 
human endeavor and that his extreme loyalty might co 
municate his zeal to others. What is not perhaps quite e | 
clear is that economic, social, and political injuries ma 
result from these widespread and exaggerated enthusi- 
asms. Not alone as a matter of humane consideration, _ 
but in self-defense against the reactions of disappointe 
hope, we must be at pains not to arouse desires that we 
cannot gratify or which, gratified, will be found not al 
that the body or the soul can crave. 

Energy available as a contribution to carrying on th 
amenities of domestic life is, beyond question, almost, bu 
not quite, indispensible and a long, long way from being 
all-sufficient. Let me qualify this a bit. Energy in some 
form or other is, of course, completely necessary to human 
existence. For all of the necessities of life there are sub- 
stitutes for those forms of energy with which you and I, as 
electrical engineers, are most concerned, and in some 
applications these other and more ancient forms may come 
very close to the excellences that we can offer, if indeed i in. 
some respects they may not offer facility or charm rather | 
greater than can be developed by electric power. With 
this qualification, may I return to the statement that our | 
special form of power is almost indispensible to the con- | 
venience of modern living. 

Unfortunately the ultraenthusiast paints so vivid a 
picture of the domestic comfort created through the power 
agency that people in all simplicity but in no less great 
sincerity come to believe that electric power is at once 
necessary to living and a solution of all the mechanical — 
problems of the home. I have even read claims not dis- 
similar to those on behalf of the x horsepower at the 
worker’s elbow—namely, that electricity can take all the 
guess work out of cooking and the drudgery out of domes- — 
tic life. 

It is perhaps reasonable to suspect that a good deal of 
the current abnormal interest of the people in power prob- 
lems may be due to their persuasion that this, that, or the 
other overly exploited device is essential to civilized living 
if not a sure cure for all of the difficulties thereof, instead — 
of being, as in many cases it is, a most remarkably adept 
contribution thereto. 

So, if you please, a profound conviction of the value of 
extending to the farm the power use which has been so 
common in industry may run away with itself. 

More than 25 years ago, as chairman of the committee 
on electricity on the farm of the association of the industry 
with which I was identified, I had occasion to know those 
early efforts at a broadened use for power. My own com- 
pany in the rich farm country of western New York dis- 
covered at once the values, the difficulties, and the limita- 
tions of farm supply from contiguous distribution circuits. 
From such a realistic background, I have observed with 
much satisfaction the various well-planned efforts which, 
in this country of vast subeconomic areas, have saturated 
every section whose intrinsic economy at all approaches 
the productivity or the population density of western 
Europe. 

On the other hand, I note a marked parallel between 
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Here ‘‘rural electrification is feasible and highly developed” 


power use and the human relations. Farm use is least in 
those states where farm tenancy is common and progres- 
sively greater until we reach an extraordinary saturation 
i the lean, rock-ribbed, stubborn, but user-owned farm 
Sountry of New Hampshire. 

This and similar human factors make it important that 
we note certain limitations in this as in other desirable 
fields of power development. 

In the first instance, the farm is not a quantity-produc- 
tion factory. Its functions are biologic and not mechani- 
cal, and the conditions are not repetitive nor even pre- 
cisely cyclic. The economic contribution which power 
makes in industry cannot reasonably be expected to have 
any parallel in farming. The economic welfare of the 
rural regions is much more intimately concerned with soil 
quality and selection of strains and with plant and animal 
pathology and with market problems and transportation 
than with the application of mechanical power. 

Success of our endeavors in industry does not neces- 
sarily indicate that we can contribute equally richly to 
agriculture. 

Rural electricity, of course, can contribute markedly to 
ameliorating the conditions of rural life, but here, as in 
claiming too much for the economic values of farm electri- 
fication, we must be reasonably careful that we do not 
arouse hopes that can only result in frustration. Strangely 
enough, it seems not to be popularly recognized, nor 
even to be realized by those better informed technically, 
that the refinement of running water in the home is not, 
excepting in the least degree, related to electric wires 
along the highway. Yet a thumbing of the pages of any 
mail-order catalog will bring vivid conviction of the fact 
that pumps, piping, and fixtures not only are the essence 
of that particular evidence of civilization but that they are 
somewhat easily to be had. Until the essentials of sound 
sanitation are sought by the rural population one wonders 
at times about the value of the electric circuits. 

The most distressingly backward of our rural communi- 
ties do not in all conscience need electric power, either 
economically or as adjuncts to living, one-tenth as much 
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as they need many other things closely at hand but still 
frightfully difficult of attainment within a farm income 
restricted so narrowly as to make impossible many of the 
mere decencies of life. I even have a suspicion that when 
a good job has been done in the way of aiding and advising 
in an improved agricultural technique and when the 
intimacy of human understanding offered by education 
and the means of communication and the means of trans- 
portation has itself ameliorated farm living as a result of 
the economic and social improvements, power lines will 
almost automatically have become extended to every 
part of the farm community intrinsically capable of sup- 
porting the purchase of the devices necessary to the utili- 
zation of power. 

Failing of these things, which seem to me to be funda- 
mental, there is grave danger than when experience shows 
electric service to be unattainable in vast stretches of this 
country, as it must for a long time continue to be, or when 
the farmer along the electric right-of-way finds his eco- 
nomic lot and his social outlook not essentially different 
than formerly, disappointed hopes will vent themselves at 
the expense of those who encouraged them. 

A too-great desire to electrify a type of countryside 
unknown in those sections where rural electrification is 
feasible and highly developed has painted a picture of 
blessings enjoyed by the city dweller and believed by one 
all too aware of his hard lot to be denied him as a result of 
deliberate mischief. Thus group suspicion and aloofness 
have unnecessarily and unjustifiably been strengthened. 

What I have been trying to say is that important as is 
power as an adjunct to factory, farm, and home, it, in and 
of itself, will not revolutionize life. We are, in our most 
profound relations, biologic creatures and all the conscious 
mechanical and technical efforts in the world are small 
factors in determining the essential well-being of our lives. 
To the extent that we have made our lives in their super- 
ficial details depart from our biologic origins, we find the 
mechanisms of living important. They will be the more 
important if our perspective keeps them in the proper 
relation to the other elements of living and to life itself. 
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Revision of Standards for Railway Motors 


By NORMAN W. STORER 


FELLOW AIEE 


AIEE for railway mo- 

tors, which for many 
years have been accepted in 
the United States as the “‘last 
word” and have had an envi- 
able reputation in all other 
parts of the civilized world, 
have been completely revised 
and have advanced to the 
status of a tentative American 
Standard. They will be published shortly by the AIEE as 
“Rotating Electrical Equipment for Rail Cars and Loco- 
motives.’’ Approval of this further revision was given by 
the AIEE board of directors at a meeting held at Pasa- 
dena, Calif., on June 24, 1936, upon recommendation of 
the AIEE standards committee. 

Compiled by sectional committee C-35 of the American 
Standards Association under the sponsorship of the AIEE, 
these standards are based on many years of experience in 
the design and operation of railway motors and generators. 
They are necessary at this time not only to bring the AIEE 
standards for railway motors up to date, but especially to 
develop standards for gas and Diesel-electric equipments, 
the manufacture of which has grown to large proportions. 

These new standards have been adopted as ‘‘American 
Tentative Standards” because the new types of machinery 
covered by them have heretofore had no definite stand- 
ards, and such standards must therefore be developed. 
It is also important to leave the door open for changes if 
any are necessary in order to come to an agreement with 
the International Electrotechnical Commission. 

The necessity for bringing the railway motor standards 
up to date will be apparent when the developments of the 
last few years are considered. The motor designers have 
been very active, and have wrought wonderful results. 
The problem has had the most intensive study, and ad- 
vantage has been taken of every improvement in ma- 
terials, processes, new discoveries, and operating experi- 
ence, with the result that there has been a gradual shrink- 
age in the dimensions and weight of the motor that is 
truly remarkable. 


T= STANDARDS of the 


Railway Motors. 


Reduction in Weight of Motors 


Twenty years ago, the street-car motor weighed in the 
order of from 40 to 50 pounds per horsepower at the one- 
hour rating. Today street-car motors are being built 
weighing from 8 to 12 pounds per horsepower at the con- 
tinuous rating. 

Until very recently, the almost universal practice was 
to mount one side of the street-car motor on the axle, 
support the other side on the truck, and gear the armature 
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Higher armature peripheral speeds, better insula- 
tion, and improved ventilation of railway motors, 
together with the rapid development of Diesel- 
electric equipment for railroads, have made 
necessary a revision of the AIEE Standards for 
The new standards have been 
adopted as ‘‘American Tentative Standards” 
pending further experience with the new types 
of machinery covered by them. 
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train of gears. 
has been practically superseded 
for street-car motors by re- 


on the axle, or through a 
“right-angle drive’ and a hypoid gear. 


track and special work are relieved of the pounding caused 
by the dead weight of motor on the axle, both results being 
very desirable. 

These light-weight motors together with the light-weight 
car construction recently developed have given the street 


railway a new lease of life and made possible the high- | 


speed stream-lined Diesel-electric trains that have re- 
cently been so much in the public eye. In the Diesel- 
electric trains, the weight of the power plant and motors, 
with the car to carry them, forms a considerable part of 
the total weight of the train, so that, because the weight 
reductions outlined apply to both motors and generators, 
the total reduction is a very important amount. 

The question arises as to how this great reduction has 
been accomplished. There are 3 important factors that 
are directly responsible: 


1. Higher armature peripheral speeds 
2. Higher permissible temperatures 
38. Better and more ventilation 


The output of a given size of motor with a given current 
capacity increases as the rated voltage and speed increase, 
to a certain point, then more slowly as the torque begins 
to fall as the result of core loss and windage until maxi- 
mum voltage or maximum speed is reached. Hence, 
other things being satisfactory, it is desirable to operate 
at as high a speed as is feasible with the gearing available. 
Higher speeds now used were made possible by refine- 
ments in the construction of armatures and commutators, 
perfect balance, roller bearings, and improved gears. 

The rise in the temperature of a railway motor has 
always been one of the most important, if not the most 
important, limits. Of course, the motor must be strong 
enough mechanically and must commutate satisfactorily. 


Essentially full text of ‘‘Revised Railroad Standard Recognizes Light-Weight 
Motors, New Designs,’ published by the American Standards Association in the 
February 1937 issue of Industrial Standardization. 


NorMan W. STorer, retired, Pittsburgh, Pa., is former consulting railway engi- 
neer of the Westinghouse Electric & Manufacturing Company, East Pittsburgh, 
Pa. He has had many years of experience in railway work, and served on the 
AJEE committee on transportation almost continuously from 1914 to 1936. A 
biographical sketch of Mr. Storer appeared on page 1405 of the December 1936 
issue of ELECTRICAL ENGINEERING, 
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moving the motor entirely 
from the axle, carrying it on 
separate springs, or mounting — 
it rigidly on the truck, and 
driving either through a dou- | 
ble-reduction gear unit carried © 


In either case, 
the motor is relieved of the pounding of the track, and the 


| 
| 
. 


to the axle through a single 
That practice — 


fter these features are secured, the rise in temperature 
xes the rating. Hence, any increase in the permissible 
smperature rise will permit an increased rating. There 
as been a great deal of experience in the last 20 or more 
ears with insulation made of incombustible materials 
ich as mica and asbestos, known as class B insulation, 
hich has convinced the committee that the temperature 
ses given in the AIEE rules can safely be raised for class 
‘insulation. It has, therefore, been increased from 105 
p to 120 degrees centigrade rise at the continuous rating, 
leasured by the resistance method. This is a conserva- 
ve increase based on the large number of motors which 
ave been operating for years at such temperature rises. 
Twenty-five years ago, it was the general practice to 
perate with street-car motors completely enclosed. 
ocomotive motors were in some cases cooled by forcing a 
ream of air through them by motor-driven blowers. 
he use of fans on the armature shafts, inside of the motor 
ames, was just beginning. Both of these methods of 
oling railway motors have been carried to what appears 
t the moment to be the ultimate limit and have made 
‘emendous increases in motor capacity. 


ncrease in Peripheral Speeds 


In no class of railway motors have speed and ventilation 
een carried to greater extremes than in the single-phase 
iotors for the Pennsylvania Railroad for multiple-unit 
ains and stream-lined passenger locomotives. There, 
eripheral speeds of armature and commutator are ap- 
roximately 12,000 and 9,000 feet per minute, respectively, 
hich are about 70 per cent above the speeds of a few 
ears ago. A veritable hurricane is blown through the 
otors. The weight per horsepower was brought down 
elow that of d-c motors designed only a few years ago, 
hich made it entirely practicable 
) equip a single-phase passenger 
comotive with motive power 
ipable of slipping the wheels with 
le maximum permissible weight on 
ye drivers and still be able to de- 
slop the full motor rating at 90 
iles per hour. 

With such motors as these, the old 
ethods of rating fall short of the 
quirements. The continuous rat- 
g becomes practically the same 
; the one-hour rating because of 
ie rapid ventilation. The one- 
yur rating is of little, if any, value 
; a measure of the thermal ca- 
icity of the motor, and many 
igineers have advocated dropping 
_ but while admitting its small 
ilue, the committee feels that it 
ould be continued until a better 
easure of thermal capacity is 
reed upon. 

For these reasons, the committee 
fers a ‘‘thermal capacity rating”’ in 
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the appendix. A numberof schemes have been suggested 
but none has yet had any extensive test. The method 
proposed will add very little to the cost of the usual 
tests and should, if properly used, give a good measure of 
thermal capacity, which is practically the same as over- 
load capacity. The committee asks for a fair trial of it 
and the results obtained. 

Altogether these rules represent the best thought of the 
committee that compiled them. The committee consists 
of 2 members each from 4 national organizations which are 
vitally interested. They are as follows: 


AMERICAN TRANSIT ASSOCIATION 


H. H. Adams (M’19) superintendent of shops and equipment, 
‘Chicago Surface Lines, Chicago, Ill. 

R. H. Dalgleish (A’11) chief engineer, Capital Transit Company, 
Washington, D.C. 


NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION 


S. B. Cooper, railway sales department, Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, Pa. 

M. R. Hanna (A’03) engineer, motor division, transportation 
department, General Electric Company, Erie, Pa. 


AMERICAN RAILWAY ASSOCIATION 


J. E. Sharpley, electrical engineer, 
Princeton, W. Va. 

Sidney Withington (M’20, F’24) electrical engineer, New York, 
New Haven and Hartford Railroad, New Haven, Conn. 

J. V. B. Duer (A’15, F’29) alternate, chief electrical engineer, 
Pennsylvania Railroad, Philadelphia, Pa. 

W. S. H. Hamilton (A’19, M’26) alternate, equipment electrical 
engineer, New York Central Railroad, New York, N. Y. 


The Virginian Railroad, 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


E. L. Moreland (A’11, F’21) consulting engineer, Jackson & 
Moreland; also head of department of electrical engineering, 


Massachusetts Institute of Technology, Cambridge. 

N. W. Storer (A’95, F’18, member for life, past vice-president) | 
chairman, retired, Pittsburgh, Pa., formerly consulting railway 
engineer, Westinghouse Electric & Manufacturing Company. 


General Electric Photo 


A passenger train of the Pennsylvania Railroad entering Philadelphia; because of 
their advanced design the single-phase motors with which the streamlined locomotive 
is equipped require new standards for rating 
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Protection of Power Lines 


By W. W. LEWIS 


MEMBER AIEE 


N THESE DAYS of in- 
tense public 
electricity, the public utili- 

ties are making every effort to 
provide as continuous and de- 
pendable service as possible. 
They are interested therefore 
in those types of construction and auxiliary devices that 
will help them maintain a high standard of service. 

It is probable that lightning can be held responsible for 
at least 75 per cent of all interruptions on bare-wire trans- 
mission circuits, at least in the eastern part of the United 
States. The other 25 per cent is caused by such things as 
wind, sleet, trees, failure of line insulation or structure, 
failure of apparatus, and mistakes in operation. 

The lightning discharge from cloud-to-ground may 
cause induced or direct potentials to appear between con- 
ductors and ground. If such potential is sufficiently high, 
flashover may result; and if the lightning flashover is 
followed by dynamic current, tripout may follow. 

There are several ways in which the effect of lightning 
upon transmission lines may be minimized: by the use of 
(1) overhead ground wires, (2) expulsion protective gaps, 
(3) Petersen coils, or (4) immediate initial reclosure. In 
the following paragraphs these methods are discussed in 
detail. 


interest in 


Line Without Overhead Ground Wires 


When lightning strikes a conductor on a line not 
equipped with overhead ground wires, the current divides 
and flows in both directions toward the towers. Only a 
small amount of current passing through the surge imped- 
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A brief review of the fundamentals of the light- 

ning protection problem, and of the various 

common methods of protecting power trans- 

mission lines against lightning, their comparative 
merits, and their relative costs. 
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gainst Lightning 


ance of the conductor is neces- 
sary to built up sufficient 
potential to flash over the 
insulator string. 

When lightning strikes a 
tower, the total current passes 
down or up the tower, en- 
counters the tower-footing resistance, and raises the 
potential of the tower above ground potential. This 
potential is roughly the product of the current and the 
tower-footing resistance. If this product is high enough, 
an insulator string or strings will flash over. In some 
instances the normal-frequency voltage added to or 
subtracted from the transient voltage may determine 
which strings flash over. Flashover of an insulator string 
places the impedance of the conductor in multiple with 
that of the tower and tends to relieve the potential of the 
tower and thus may prevent other strings from flashing 
over. 

Where wood poles are used, the resistance to ground is 
so high that flashover between conductors may take place 
instead of flashover to ground. 


Line With Overhead Ground Wires 


One ground wire is usually not sufficient to shield the 
conductors effectively from direct strokes, either on single- 
circuit horizontal arrangements or double-circuit vertical 
arrangements. Two ground wires placed above and mid- 


Essential substance of a paper presented at a meeting of the AIEE Philadelphia 
(Pa.) Section, January 11, 1937. 

W. W. Lewis is electrical engineer in the central station engineering department 
of the General Electric Company, Schenectady, N. Y. He is the author or co- 


author of several Institute papers on lightning protection, and is serving on 4 
Institute technical committees. 
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ray between the conductors on horizontal arrangement or 
ver the outermost conductors on vertical arrangement 
ave proved adequate in practice to shield the conductors. 

When the conductors are properly shielded, a direct 
troke will strike either the ground wires or the tower. 
f it strikes the ground wires, the current will divide and 
ow toward the towers at the ends of the span. 
ower the current will divide again, part passing down 
he tower and part continuing on the ground wire. The 
art passing down the tower will encounter the footing 
esistance, the tower will be raised in potential by the 
roduct of current and resistance, and flashover will re- 
ult if this product exceeds the strength of the insulation. 


‘oupling between the ground wires 
nd conductors and the normal- 
requency voltage may sometimes 
letermine which insulator strings 
lash over. 

When lightning strikes the top of 
_ tower, the current divides, part 
oing down the tower and part go- 
ng out on the ground wires in both 
irections. Again, the part going 
lown the tower encounters the 
ooting resistance, raises the po- 
ential of the tower above that of the 
onductor, and may cause flashover 
f the potential is sufficiently high. 

Where wood poles are used with 
verhead ground wires and down 
sads, the action is exactly the same 
s for steel-tower lines, except that 
he wood crossarm may add extra 
nsulation and allow the potential to 
ise somewhat higher before flash- 
ver. Where the insulator hard- 
yvare is bonded and grounded, the 
ction of wood-pole lines is identical 
vith that of steel-tower lines. 


fower-Footing Resistance 


From the previous discussion it 
3 apparent that the prevention of 
ashover resulting from direct 
trokes to overhead ground wires or 
owers, depends largely on the 
ower-footing resistance. Assum- 
ig a knowledge of the magnitude 
f current in towers due to direct 
trokes and of the strength of the 
ne insulation, then it is possible to 
rrive at a limiting value of tower- 
yoting resistance for a given line. 
‘or example, if the highest current 
xpected is 100,000 amperes and the 
ne insulation is 1,000 kv, then the 
ighest permissible footing resist- 
nce is 10 ohms. 

Several devices have been used to 
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At the 


Installation of expulsion protective gaps 
on 115-kv H-frame line 
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or counterpoises. 


reduce tower-footing resistance, among which are driven 
rods, driven wells, ground plates, and buried conductors 
Among the questions still to be 
answered are: the relative effectiveness of a given resist- 
ance obtained by 2 different methods, such as driven rods 
or counterpoise wires; the relation between resistance 
measured by Megger at low current and voltage and that 
encountered by lightning current of high intensity and at 
high voltage; also the most effective length of counterpoise. 

Evidence gathered during the past few years attests to 
the great effectiveness of the continuous tower-to-tower 
counterpoise wire. 
equipped with tower-to-tower counterpoise has operated 


A section of line 2.6 miles long 


8 years without flashover, as against 
an average of 10 flashovers per year 
in the 3 years previous to the in- 
stallation of the counterpoise wire. 

A continuous counterpoise is, of 
course, a conductor or conductors 
buried under the transmission line 
from end to end of the line or 
certain sections of the line and con- 
nected to all tower feet. Some 
engineers believe that if the same 
amount of conductor were used as 
a radial or crowsfoot counterpoise, 
where several conductors merely 
radiate outward from the foot of 
each tower with no connection be- 
tween towers, it will give more 
effective protection. 

Short radial counterpoise wires 
also have improved the operation 
of lines. On the Glenlyn-Roanoke 
(Va.) line of the Appalachian 
Electric Power Company certain 
towers are equipped with 150-foot 
counterpoise wires running parallel 
with the line and from diagonally 
opposite legs of the towers, with 
40-foot wires running at right angles 
to the line from the other 2 legs. 
A number of records obtained in 
1935 showed the sum of the current 
readings in the long wires to have 
a ratio of 4.3 times the current in the 
short wires; the ratio of the lengths 
is 3.75. In 1936, a large number of 
readings on this line showed the 
sum of the current readings in the 
long wires to have a ratio of 2.9 
times the current in the short wires. 

On the Wallenpaupack-Siegfried 
line of the Pennsylvania Power and 
Light Company, certain towers were 
equipped, in 1936, with one 250-foot 
and 3 50-foot radial counterpoise 
wires. The summation of readings 
of currents in the long and one 
short wire gave a ratio of 7.5, as 


315 


compared with a ratio of lengths of 5. Simultaneous 


readings of current at several different points along the 
150- and 250-foot counterpoise wires indicated an almost 
uniform current distribution along the wires, but with 
different rates of current connection or dissipation at 
different current levels. 


It has been suggested that figures 


Arrangement 
of overhead 
ground _ wires 
to give good 


shielding 
against direct 
strokes, for 
vertical and 


horizontal 
configuration 
of conductors 


of this sort for several different lengths and ratios of 
length might give some indication of the effective mini- 
mum length of counterpoise wires. 


Expulsion Protective Gaps 


Another way of attacking the problem of continuity of 
service is to direct the flashover through gaps or tubes set 
for a slightly lower flashover potential than the insulators, 
not attempting as in the previously discussed solution to 
prevent flashover altogether. 

The expulsion protective gap is a tube with an internal 
gap, connected to the line through an external gap, the 
whole having a flashover potential lower than that of the 
insulator string. The tubes are selected for the range of 
short-circuit currents expected. The short-circuit current 
that follows the lightning flashover produces a pressure 
within the tube and the arc is extinguished within a half 
cycle. 

For continuity of service, it has been customary to build 
double-circuit lines. However, even with 2 circuits a 
large proportion of the faults may involve both circuits, 
because when lightning current passes down a tower, the 
tower potential may be raised above that of all 6 conduc- 
tors, and the probability is that more than one conductor 
will flash over at a time. On wood-pole lines, faults 
frequently spread between circuits because of the high 
resistance of the pole, which does not relieve the potential 
due to a direct stroke. 

For the foregoing reason some power companies now are 
building single-circuit lines equipped with expulsion pro- 
tective gaps, instead of double-circuit lines. Among 
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these may be mentioned the Pennsylvania Power and 
Light Company’s 66-kv wood-pole lines, the Carolina 
Power and Light Company’s 115-kv wood-pole lines, and 
the American Gas and Electric Company’s 132-kv steel- 
tower lines. In the limited time they have been in opera- 
tion, such lines have had very good service records. 

Expulsion protective gaps were placed on one circuit of 
the Glenlyn-Roanoke double-circuit line in 1933, and on 
the Roanoke-Danville single-circuit line in 1934. In the 3 
years, 1933, 1934, and 1935, a total of 339 gap operations 
occurred, with 30 cases of incorrect operation. The 
outages on the 2 circuits of the Glenlyn-Roanoke line 
averaged 10 per year during the 3 years of expulsion-gap 
operation, against an average of 18 per year during the 
previous 7 years. On the Roanoke-Danville line the out- 
ages for the 2 years of gap operation averaged 4.5 per year 
against an average of 19.5 per year for the 7 previous 
years. 

The Pennsylvania Power and Light Company and the 
Pennsylvania Water and Power Company installed, in 
1935, expulsion protective gaps and Deion gaps on about 
98 miles of 66-kv line, consisting of 81 miles of single- 


circuit wood H-frame line and 17 miles of double-circuit . 


steel-tower line. Out of a total of 944 structures, 543 were 
equipped with gaps. During the 1935 season there were 
374 tube operations, with 8 tube flashovers or failures. 
There were 18 tripouts on these lines during this period. 

Data given for the lines of the Appalachian Electric 
Power Company indicate that for the Glenlyn-Roanoke 
line the outages on the double-circuit were reduced 
about 45 per cent after the installation of expulsion pro- 
tective gaps on one circuit. On the Roanoke-Danville 
single-circuit line the outages were reduced about 75 per 
cent after the installation of the expulsion protective gaps. 
Approximately 9 per cent of the gap operations on both 
lines were incorrect. 

Data at hand for the 66-kv Pennsylvania lines do not 
permit of an evaluation of the improvement in operation 
due to the gaps, except perhaps in case of 2 of the lines. 
On these 2 lines gaps were installed to guyed structures 
only, which comprise about 25 per cent of the structures 
on the Northumberland-Williamsport line and about 14 
per cent on the Berwick-Bloomsburg line. The operating 
record of these lines showed 1 tripout on each line in 1935 
as compared with a yearly average of 7 tripouts on the 
Northumberland-Williamsport line and 5 on the Berwick- 
Bloomsburg line during the previous 4 years. There were 
many correct gap operations (the incorrect gap operations 
were slightly over 2 per cent on these lines). 

It cannot be said that each correct gap operation saves 
a tripout. It must be remembered that the flashover 
potential of the expulsion-gap assembly is considerably 
less than that of the insulation assembly which it is de- 
signed to protect (10 to 15 per cent less for the 132-kv 
steel-tower lines and about 40 per cent less for the 66-kv 
wood-pole lines considered in this discussion). It is 
obvious therefore that the number of expulsion-gap 
operations will be greater than the number of insulator 
flashovers that would have occurred if the gaps had not 
been installed. Nevertheless, it is probably true that the 
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gaps saved a large number of tripouts on these lines during 
the period of their operation. 


Petersen Coils 


Briefly, the Petersen coil is a reactance coil connected 
between the system neutral and ground and specially 
proportioned in relation to the capacitance of the system. 
Upon the occurrence of a line-to-ground fault on one 
conductor, a lagging current will flow through the coil 
which is equal in magnitude and opposite in phase to the 
charging current at the fault. Under this condition the 
resultant current at the fault becomes zero and the fault is 
cleared. 

In some instances there is a residual in-phase component 
of current at the fault, which cannot be neutralized by the 
Petersen coil. This current is due to corona on the line 
conductors, leakage over insulators, and other factors. 
If large enough to be important, the in-phase component 
may be neutralized by special auxiliary means. It is 
obvious that the Petersen coil cannot neutralize a line-to- 
line fault. 

The use of the Petersen coil in Germany and other 
European countries has been very extensive. Approxi- 
mately 1,000 coils have been installed on systems varying 
in voltage from 5 to 220 kv. In the United States the 
solidly grounded neutral system has been very popular, 
and therefore Petersen coils and other grounding devices 
have not received wide acceptance. 

At the present time there are 5 coils in operation in the 
United States as follows: an 800-kva continuous-rated 
coil on the 44-kv system of the Georgia Power Company; 
2 10,000-kva 10-minute-rated coils on the 140-kv system 
of the Consumers Power Company, Mich.; a 3,000-kva 
30-minute-rated coil on the 33-kv system of the Central 
Maine Power Company; and a coil rated 800 kva for 30 
minutes on the 33-kv system of the Public Service Com- 
pany of Indiana. A 10,000-kva 10-minute coil will be 
installed during the spring of 1937 on the 100-kv system of 


tem mileage had practically doubled and greatly out- 
grown the capacity of the coil. The coil was moved to 
the Georgia Power Company’s system and installed on the 
130-mile Marietta section of the 44-kv system, where it 
has been in successful operation for about 6 years. 

The Consumers Power Company’s coils were installed 
late in 1931. The system consists of 275 miles of line on 
steel towers, all but about 40 miles of which is single cir- 
cuit. There are no overhead ground wires on this line. 
The coils are rated 10,000 kva for 10 minutes and are 
installed one at Saginaw and one at Alcona. Operation 
on this system shows approximately 70 per cent of all 
faults in about 5 years’ service cleared without oil circuit- 
breaker operation. 

The Central Maine system consists of 560 miles of 33-kv 
line on wood poles with pin insulators and no overhead 
ground wires. The Petersen coil was installed in the fall 
of 1935. In the 14 months from August 1, 1935 to Octo- 
ber 1, 1936 the Maine coil operated 54 times and cleared 
all faults that were not permanent, without a service inter- 
ruption. In the Gulf Island Station in the 6 years before 
the coil was installed, there were 27 insulator or bushing 
flashovers associated with faults at other points on the 
system. Since the coil has been in service flashovers of 
this type have not occurred. 

It is probable that the majority of faults start as single- 
phase-to-ground disturbances and that later other phases 
may become involved. It is also probable that high 
tower-footing resistance, by allowing the tower potential 
to rise above that of the conductors, is responsible for the 
other phases becoming involved. Consequently, a reduc- 
tion in tower-footing resistance will decrease the number of 
phase-to-phase faults, and allow the single-phase faults to 
be cleared by Petersen-coil operation. 


Various counterpoise ar- 
rangements now in use 


A) Symmetrical radial 
( ) ‘4 BRACKET FOR 


the Public Service Company of Colorado. (B) Unsymmetrical radial +] MAGNETIC 
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Immediate Initial Reclosure 


During the last few years an operating procedure has 
been developed to improve continuity of service on feeders 
and tie lines: The practice of immediate initial reclosure 
of a circuit-breaker that has been tripped automatically. 
Many of the causes of short circuits have disappeared 
by the time the controlling breaker can be reclosed. Ex- 
perience has demonstrated that immediately returning 
voltage to a circuit not only does no harm, but completely 
neutralizes the effects of interruption on most types of load. 

All motors connected to an immediately reclosed circuit 
must have time delay on their undervoltage releases, if 
full benefit is to be derived from this procedure. Other- 
wise the motors having an instantaneous under-voltage 
device will be disconnected during the period of no voltage, 
and it then makes no difference whether the voltage is re- 
established immediately or later. Provided under-voltage 
devices, when used, have time-delay 
features, it is possible to open the 
circuit-breaker and immediately re- 
close it with no detrimental effect on 
many kinds of load. The value of 
this procedure increases with the 
prevalence of lightning on a system, 
for then a smaller proportion of faults 
arises from causes that are permanent. 

Some companies, especially in the 
Southeast, have applied immediate 
reclosure to their systems with sig- 
nificant improvement in their serv- 
ice. On one system it has been 
found that a circuit can be returned 
immediately to service after nearly 
90 per cent of the tripouts, and re- 
main closed with no loss of load and 
no. detriment to service. 

Immediate reclosure does not 
benefit all types of loads. Where it 
is applicable, and where many of 
the outages result from transitory 
causes, such as lightning, immediate 
reclosure is usually a simple, inex- 
pensive, and very effective means of 
improving the service. In addition, 
immediate reclosure reduces service 
interruptions from certain causes 
from which the other protective 
means may not. These include 
temporary conductor contact from 
wind, sleet, or foreign materials on 
the line, such as kite strings, tree 
branches, and birds, which often 
leave the line clear after the first 
tripout. 


Summary 


None of the means of lightning pro- 
tection considered here has shown a 
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Petersen coil installed on a 33-kv system 
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perfect record. In some instances, however, overhead 
ground wires, when properly installed to shield the con. — 
ductors from direct strokes and when accompanied by 
adequate insulation and low tower-footing resistance, — 
have shown an almost perfect record. 

The expulsion protective gap has shown good perform- 
ance, especially on wood-pole H-frame lines. Improve- 
ments in the tubes may be expected as a result of past 
operating experience. This will tend further to improve 
the performance of these gaps. There is some evidence 
that equipping one circuit of a double-circuit line is bene- 
ficial, and on the Pennsylvania systems equipping only 
the guyed structures was apparently beneficial. 

In the limited experience with Petersen coils in the 
United States, this equipment has shown a record of 
suppression of faults of the order of 70 to 80 per cent. 
Low tower footing resistance is of importance here in 
limiting the number of phase-to-phase flashovers, thus 
giving the Petersen coil full op- 
portunity of taking care of the 
line-to-ground flashovers for which 
it is adapted. 

Immediate initial reclosure has 
been applied mainly to radial feeders 
and tie lines of medium voltages 
(up to 66 kv), although trial instal- 
lations have been made on higher- 
voltage lines (up to132kv). Acer- 
tain amount of maintenance is in- 
volved in the oil circuit-breakers, 
relays, and other equipment. 

It is difficult to evaluate in gen- 
eral terms the cost of applying the 
various methods mentioned, so that 
the following figures should be con- 
sidered as only very rough: Fora 115- 
or 138-kv double-circuit steel-tower 
line, the cost of 2 overhead ground 
wires plus a continuous tower-to- 
tower counterpoise wire would be 
roughly $1,500 or $1,600 per mile. 
The cost of expulsion protective gaps 
plus installation would be roughly 
1,200 to $1,400 per mile for both 
circuits or $600 to $700 if only one — 
circuit is equipped. Thecost of a 
Petersen coil for a 100-mile line plus 
installation would be roughly $10,- 
000, or $100 per mile. Immediate 
initial reclosure is probably the least 
expensive of any of the methods 
mentioned, assuming that suitable 
breakers and relays are already 
available and that only the auto- 
matic reclosing device is required. 

Each method has its advantages 
and disadvantages, and the best 
method for a particular case can 
be selected only after a study of all 
the circumstances. 


ELECTRICAL ENGINEERING 


Further Characteristics of the Carbon Arc 


By W. C. KALB 


MEMBER AIEE 


In this paper the carbon arc is considered in its 3 characteristic 
forms, the low intensity arc, the high intensity arc, and the flame arc. 
The influénce of arc current on the energy emission is discussed in 
relation to each of the 3 types, as well as the effects of variation in 
arc voltage. 


The discussion covers characteristics which should be given con- 
sideration in order to make most effective application of the various 
types of arcs. - 


the general characteristics of the carbon arc, it was 

pointed out that there are 3 distinct types of carbon 
arcs, the low-intensity neutral-core arc, the flame arc, 
and the high-intensity arc. The characteristic features 
distinguishing these 3 types of arcs were also described. 
Each of these types has its own peculiar characteristics 
and is affected in different manner or degree by varia- 
tions in arc conditions. It is the purpose of the present 
paper to present further data on the characteristics of 
these arcs and to consider the effect of certain variables 
on the character and intensity of the light emitted. 


[ THE course of a previous paper, which discussed 


Distribution of Radiant Energy 


The quality of light from the high-intensity arc is in- 
herently whiter than that from the low-intensity neutral- 
core arc. This might be anticipated from the much 
higher intrinsic brilliancy of the crater. Spectral energy 
distribution curves for all carbon arcs show 2 character- 
istic peaks, one of moderate intensity at about 2,500 
Angstrom units and a dominant band of emission, com- 
monly called the “‘cyanogen peak,” at about 3,800-3,900 
Angstrom units. Except for the influence of this cyano- 
gen peak, the energy emission from the d-c low-intensity 
neutral-core arc at full brilliancy tends to follow the 
theoretical black-body radiation curve for 3,810 degrees 
Kelvin, the brightness temperature of carbon at the point 
of vaporization. The emission from the d-c high-intensity 
arc, on the other hand, comes nearer to the black-body 
curve for 5,600 degrees Kelvin. This difference is il- 
lustrated in figure 1, in which all curves have been ad- 
justed to a maximum value of 100 (exclusive of cyanogen 
peak) on an arbitrary scale of intensity. It is obvious 
from the energy distribution shown by these curves that 
the light from the high-intensity arc has a substantially 
even balance of all colors and comes close to our concep- 
tion of a pure white light. It is equally obvious that the 
light from the low-intensity are has a yellowish tint re- 
sulting from the higher intensity of the longer wave 
lengths within the visible range. 

The distribution of radiant energy from the flame arc 
is dependent largely on the composition of the core. 
This is illustrated, for the visible range, by figure 2 where 
the output from a 30-ampere 50-volt a-c arc between 
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neutral-core carbons is compared with that from carbons 
burned under the same conditions and having identical 
outer shells but whose cores contain, respectively, cerium, 
calcium, and strontium. Figure 3 shows the effect of 
variation in core composition on the ultraviolet emission. 
The respective core compositions in this case contain the 
elements listed below the curves. Many elements, other 
than those whose effects are illustrated in figures 2 and 
3, have pronounced influence on the quality of emission 
in both the ultraviolet and the visible portions of the 
spectrum. This fact makes the flame arc a _ highly 
flexible source of radiation, capable of adaptation to a 
wide range of requirements in radiation characteristics. 


Effects of Increasing Arc Current 


In all types of arcs, one effect of increasing arc current 
is to increase the light output. This result, however, is 
subject to certain practical limitations characteristic of 
the various types. For a given type and size of trim 
there is a certain range of current within which best re- 
sults are obtained. Operation at lower currents allows 
the arc to wander over the face of the carbon with re- 
sulting unsteadiness of light. Currents above this op- 
timum range likewise produce an unsteady arc due to 
the effects of overloading the carbons. Carbon manu- 
facturers have carefully determined the optimum range of 
current for the several types and sizes of carbons, and 
their instructions should be followed. As long as proper 
arc conditions are maintained, operation within the 
recommended range of current can be depended on to pro- 
duce satisfactory arc performance. 

In the d-c low-intensity arc the light produced is 
largely dependent on the area and intrinsic brilliancy of 
the positive crater. Only a small percentage of the total 
light comes from the are stream and the less brilliant tip 
of the negative carbon. Mott and Kunzmann (reference 
2) have shown that the relation between arc current and 
crater area may be expressed by an equation of the form 


A=7+047I° 


where 

A = crater area in square millimeters 
J = are current in amperes 

e = 1.4 for carbons of large diameter 


= 1.35 for carbons of small diameter 


More recent observations (reference 3) on positive car- 
bons of 10 to 13 millimeters diameter, designed for use in 
low-intensity d-c projection lamps of the reflecting type, 


A paper recommended for publication by the AIEE committee on production 
and application of light. Manuscript submitted August 20, 1936; released for 
publication October 22, 1936. 
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Table I—Influence of Arc Current on Low-Intensity D-C Arc 
at 55 Volts, SRA Trim 


Maximum 
Intrinsic 
Brilliancy, 
Diameter Crater Candle Candle 
Positive Area Power per Power Di- Candle 
Carbon, Arc Square Square rectly in Power 
Milli- Current, Milli- Milli- Front of per Arc 
meters Amperes meters meter Crater Watt 
TO ecomecheaee A We Coe We BAY Sica ney 7A rae 5,720 wen 96 
Onto xs . 24, BOS2.. facapewiee Die 6,650 ..5.04 
MP eek gene 228, A OO lay: shteretete 1h Ales ake Rarer hs WQ00 Siac cater 5.12 
12 . 34, 60.0.. 175 9,800. Oset 
13 eo ei: 6iyOm 171 . 9,100. WO nLO: 
13 . 44, Mite 1 PPAR ee ctr 1S; 2O0ke omer 5.45 


Table Il—Influence of Arc Current on High-Intensity D-C 
Arc With Rotating Positive 


Intrinsic 
Brilliancy, 
Diameter Candle 
of Crater Power Candle 
Positive Area, per Power Candle 
Carbon, Arc Average Square Square of Power 
Milli- Current, Arc Milli- Milli- Crater per 
meters Amperes Voltage meters meter Light Arc Watt 
Oe a Ano. BOkreeces CY ee ae ZOU Sian ee 430 boc ve JOE BOOk see ots 5.68 
Og ail ais MOA ay. Oe Stor SOMA wiv (Uae ee 25.000 mma 6.17 
5 Br seater oe WO Mater: CLD Aisne OO708 nr AOR Bal 42'000.een cies 7.78 
13.6 LOO envgions BS actiys TORO A es B86 she ce 39,000; aan 6.20 
HOMO corner OBIS micness GS iste bovis O27 Ole ee te Sibir, 3G (OUD) sete 5c 8.82 
OT at Aan LSS on. OR ee USAW Aid By. Onw acne OVO AG Stok 7.94 
LG We rorh vest LOD aera ene LAB acca ye. G95 areas LOL OOO sear 9.05 


support the substantial accuracy of this formula. The 
measured values of crater area represent values of e 
ranging from 1.32 to 1.35. 

The vaporizing temperature of carbon having been 
approached in the low-intensity arc, further increase in 
are current results in little increase in intrinsic brilliancy 
of the positive crater. The increase in crater area, how- 
ever, does result in an increase of total light emission. 
The optical systems used in most projection lamps and 
projectors place limitations on the area of the positive 
crater face from which the light can be effectively focused 
within the dimensions of the aperture plate and projected 
onto the screen. For this reason, when a projector carbon 
has been raised to its maximum intrinsic brilliancy, 
further increase in current produces little, if any, increase 
in screen illumination. Table I shows the influence of 
are current on the crater characteristics and light output 
of the d-c low-intensity arc with the type of carbons now 
extensively used in reflecting type projection lamps. 

Mott and Kunzmann (2) found that the candle power 
of low-intensity searchlight carbons, within the range of 
20 to 150 amperes, followed substantial y the curve ex- 
pressed by the equation, 


CP = 51,4 1'4 


The carbons now used in the d-c low-intensity reflector 
arc show higher efficiency in light production. The 
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candle power measurements given in table I are closely 
approximated by the equation CP = 164.0 J'-1%. 

In the d-c high-intensity arc, increase of current in- 
creases both the area and the depth of the positive crater, 
The increase in crater area with increasing current is 
shown by the curves in figure 4. It is apparent from 
these curves that, at the same current, 2 carbons of 
different diameters will show a substantially larger crater 
on the larger carbon. The influence of arc current on the 
intrinsic brilliancy of the positive crater is shown by the 
curves in figure 5. Here it is apparent that, of 2 carbons 


of different diameters operated at the same current, the 
f 
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Fig. 1. 


A—13.6-millimeter d-c high-intensity arc, 125 amperes, 63 
volts 

B—12-millimeter d-c low-intensity arc, 30 amperes, 55 volts 

C—Theoretical black-body radiation at 5,600 degrees Kelvin 

D—Theoretical black-body radiation at 3,810 degrees Kelvin 


Spectral energy distribution curves 


-ULTRA- {VIOLET GREEN ORANGE 

VIOLET BLUE YELLOW RED. 
WAVE LENGTH IN ANGSTROM UNITS 

7000 


ia 4000 5000 6000 
| 


NEUTRAL-CORED CARBON 


CERIUM-CORED CARBON —“WHITE FLAME” 


RELATIVE INTENSITIES 
oO on o a Ss 


Fig. 2. Effects of CALCIUM- CORED CARBON —" YELLOW FLAME” 


+ i0 
core composition 
on near ultraviolet 5 i 
and visible radia- x 


tion—30 amperes, STRONTIUM-CORED CARBON— RED FLAME™ 
50 vol EACH SQUARE REPRESENTS 250 MICROWATTS PER 
volts, a-c SQ CM AT ONE METER FROM ARC 


ELECTRICAL ENGINEERING 


smaller will have the higher intrinsic brilliancy. This is 
the natural result of concentrating the energy of the arc 
within a smaller area. It is evident, from a comparison 
of these curves with the data given in table I, that much 
higher intrinsic brilliancies are available from the high- 
intensity arc than are possible to obtain from the low- 
intensity arc. 

Table II shows the effect of arc current on the crater 
light from the d-c high-intensity arc with rotating posi- 
tive electrode and also shows the arc-voltage representa- 
tive of average operating conditions at the specified arc 
currents. The figures in this table do not include the 
light from the tail flame of the arc, which represents about 
32 per cent of the total light output but cannot be properly 
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Fig. 4. Crater area versus arc current—d-c high- 
intensity arc 
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Fig. 5. Intrinsic brilliancy versus arc current—d-c 
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Fig. 6. Effect of arc current on energy distribution 
d-c high-intensity arc—9-millimeter positive 


focused by the optical system of projection lamps and 
therefore does not add to the screen illumination. 

Increasing current does not greatly affect the quality 
of light emitted by the high-intensity arc. This is shown 
in figure 6 by the energy-distribution curves for a high- 
intensity arc with 9-millimeter positive operated in a 
reflecting type projection lamp at arc currents of 70, 75, 
80, and 90 amperes. Over this range of current the 
increase in arc watts and the increase in radiant energy 
are in approximately the same ratio, the effect of increas- 
ing current being slightly more pronounced in the blue 
and green bands of the spectrum than in other portions. 

With flame arcs the effects of increasing are current 
are decidedly complex. They vary with the composition 
of the flame supporting core, with the range of current 
in which comparison is made and with the portion of the 
spectrum in which intensity of radiation is observed. 
A few examples are cited to illustrate the effects of arc 
current under specific conditions. 

The increase in intensity of ultraviolet radiation, be- 
tween the limits of 2,900-3,100 Angstrom units, which 
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results from increasing are current, with voltage constant, 
is shown by the curves in figure 7. The upper curve 
shows the effect on a carbon having iron, nickel, and 
aluminum in the core and the lower curve the effect on 
one containing cerium. The curves in figure 8 show the 
corresponding effects on total radiation over a broad 
band of the spectrum, from 1,700 to 6,500 Angstrom units. 
This includes practically all ultraviolet emission from 
the arc and a major portion of the visible light. In this 
case, the upper curve represents the cerium-cored carbon 
and the lower curve the carbon containing iron, nickel, 
and aluminum. 

The effect of current increase at different wave lengths 
can be illustrated by curves showing the variation in 
mean exponential relation between changes in are current 
and resulting changes in intensity of radiation. These 
curves, presented in figure 9, are based on the equation 


where 


intensity of radiant energy 
arc current in amperes 
= exponential relation between current and intensity 


Curves are drawn for 2 ranges of are current, 30-60 
and 60-90 amperes, and for the 2 types of carbons shown 
in figures 7 and 8. The complexity of the relationship 
between arc current and resulting energy emission at 
different wave lengths is evident from these curves. 

A series of observations of more practical application, 
relating to the light output of the flame arc under varied 


light output than with upper carbon negative; a | 
the d-c arc with cerium-cored negative gives higher light 
output than with neutral-cored negative. | 

While the foregoing figures show a decided advantage 
for the d-c arc over the a-c arc on the basis of candle 
power per arc watt, this advantage is more than offset } 
when the comparison is made on a basis of candle power 
per line watt between a single d-c arc on a 115-volt ol 
cuit and a transformer-operated a-c arc. It is commo q 
practice, however, particularly in twin-arc lamps, to oper- _ 
ate 2 d-c arcs in series from the standard-voltage d-c cir | 
cuit at a somewhat lower arc voltage than that used in 
obtaining the data given in table III. Under these condi 
tions comparison on the basis of candle power per line 
watt favors the d-c arc when no reflectors are used. — 
This was the condition under which data was obtained 
for the comparison given in table IV. 

The use of reflectors may and, in most designs, does | 
more than offset the primary advantage of the d-c twin” 
arc over the single, transformer-operated a-c arc. This — 
is because higher efficiency in reflector design is possible 
with the single arc which can be centered in a reflector 
of symmetrical form. . 


Effects of Arc Voltage 


The d-c low-intensity arc with neutral-cored carbons 
gives optimum performance over a rather limited range 
of are length and are voltage. For this reason it is cus- _ 
tomary to maintain approximately constant arc voltage 
and to vary the light output by adjustment of arc current. 


Table IlI—Light Output of Cerium-Cored Flame Arc at 55 Volts 


Mean Mean 
Arc Spherical Spherical Candle 
Upper Carbon Lower Carbon Power Current, Candle Power per 
Amperes Power Arc Watt 
1/,- by 12-inch cerium cored .......... 1/2- by 12-inch cerium cored .......... (A= Fravutarensteuerabepers SO ares cre GOSSe cas segs 4.23 
5/s- by 12-inch cerium cored ..........1/2- by 12-inch cerium cored IASC) es co bd eset AG Saitatcrare eee 9 800% cetera siepeiens 3.96 
5/s- by 12-inch copper coated, 
cerium cored ..........5/s- by 12-inch copper coated,.......... AC eal oxatrorthetsicehe AOU ARs ase ere ere 13,500 4.09 
cerium cored 
Upper Carbon Positive Lower Carbon Negative 
1/2- by 12-inch cerium cored ..........1/2- by 12-inch cerium cored .......... DAC Menvene cs steredas OOP vesereni orate LOO ceiyerececars 6.13 
5/s- by 12-inch cerium cored ..........1/2- by 12-inch cerium cored .......... De Creer terpeyrne E igin aa MS ae 13; 520 fe een tere 5.46 
5/s- by 12-inch copper coated, 
cerium cored ..........5/s- by 12-inch copper coated,.......... Da @criatetevsrsicee's COS crs certs DATO! re one cee 6.40 
cerium cored 
Upper Carbon Negative Lower Carbon Positive 
1/o- by 12-inch cerium cored ..........1/2- by 12-inch cerium cored .......... D=eCue meres lasecote 30. 7,540. . 4.57 
5/s- by 12-inch cerium cored . .1/2- by 12-inch cerium cored ..........D-C.. BA Ome oes veentens LT 840 Ne Genomes 4.78 
5/3- by 12-inch copper coated, 
cerium cored ..........5/s- by 12-inch copper coated,..........D-C.. GOR Weis aurtrae AS:O7 Or oh acre 4.84 
cerium cored 
1/2- by 12-inch neutral cored ..........1/2- by 12-inch cerium cored ..........D-C............ SOs itaceers suede 6,985... 4,23 
5/s- by 12-inch neutral cored .......... 1/.- by 12-inch cerium cored D-C.. 457 e.. binaeete S710 aeons 3.52 
5/s- by 12-inch copper coated,.......... 5/s- by 12-inch copper coated ..... Da Gin sik es shqguenies GO is srchepartes cake 141005 3.46 


neutral cored 


conditions of operation is given in table III. 


These ob- 


servations were made with white flame (cerium cored) 
photographic carbons in the lamp mechanism of a photo- 
engraving lamp of standard make. 

The data in table III disclose that, under the same 
conditions of arc voltage and current, the d-c arc between 
flame carbons gives higher light output than the a-c 
arc; the d-c arc with upper carbon positive gives higher 
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The d-c low-intensity reflecting arc is usually operated with 
54-57 volts at are. Curve A in figure 10 is representative 
of the average relationship between arc voltage and cur- 
rent in other types of lamps using the d-c low-intensity arc. 

The d-c high-intensity arc, under given conditions of 
trim and arc current, should also be operated at essentially 
constant arc voltage. In fact, are voltage is often used 
as the control factor for operating the carbon-feeding 
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echanism. Nevertheless, arc voltage alone does not 
fford a sufficient basis for adjustment of the carbons in 
he high-intensity arc. Joy and Downes (reference 4) 
ave published the results of a thorough investigation of 
his subject. They have shown that it is possible to 
perate a high-intensity arc at 120 amperes with 70 volts 
rop across the arc at arc lengths ranging from 5/s inch 
9 1'/s inches. However, widely divergent results as to 
teadiness and quantity of crater light are encountered 
ver this range of arc lengths. Relative position of 
ositive and negative carbons is probably a factor of 
reater importance than are voltage in maintaining 


able |IW—Comparison Between D-C Twin-Arc and 
ransformer-Operated. A-C Arc; All Carbons Cerium 
Cored 
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orrect arc conditions. Without discussing theories of 
he action taking place within the crater of the high 
itensity arc, it will here suffice to say that steady burning, 
niform light output and characteristic extreme bril- 
ancy are dependent on the maintenance of uniform 
rater depth and form and uniform conditions within the 
rater. It is obvious that these factors will be influenced 
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A—Cerium-cored carbon; 30-60-ampere range 
B—Cerium-cored carbon; 60-90-ampere range 
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D—Ilron-nickel-aluminum-cored carbon; 60-90-ampere range 


to a marked degree by the manner in which the negative 
arc stream impinges on the positive crater. Detailed 
instructions for obtaining optimum performance are 
contained in a handbook which has been made available 
to projectionists and other users of high-intensity arcs. 
Values representing average arc voltage for the d-c high- 
intensity arc with rotating positive, under correct 
operating conditions, are indicated by curve B in figure 10. 

There has recently come into extensive use in motion 
picture projection a carbon are which our present knowl- 
edge indicates to be a true high-intensity arc but which is 
operated at much lower are voltage than the older types 
of high-intensity arcs. This arc is known in the motion 
picture industry as the Suprex type arc. Among several 
points of difference from the older types is the fact that it 
is operated at a relatively short arc length with a drop of 
31 to 40 volts across the arc. Due to this low arc voltage, 
it is desirable that the Suprex arc should be operated from 
a low-voltage source of power. This is necessary to ob- 
tain best performance as well as good power economy. 

It has been demonstrated that the crater depth of the 
high-intensity positive increases with increase of arc 
current; that the voltage drop in the arc stream is com- 
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paratively low and does not materially increase with in- 
creased current; and, on the other hand, that the voltage 
drop within the positive crater is comparatively high and 
does increase materially as current and crater depth in- 
crease (reference 5). When some disturbance to the 
“high intensity effect’? takes place, crater form, depth 
and voltage are affected, as well as light output. Normal 
crater conditions and light output are re-established by 
the increase in current resulting from the drop in arc 
voltage and the time required to restore normal condi- 
tions depends on the amount of current increase. When 
this low-voltage arc is operated with heavy ballast on a 
115-volt power circuit, so much of the total energy is 
consumed in the ballast that relatively large changes of 
arc voltage produce only slight changes in arc current. 
It therefore takes considerable time for restoration of 
normal crater conditions to be effected. On the other 
hand, when the voltage of the power source is not greatly 
above that of the arc, and the ballast correspondingly 
small, much larger fluctuations in are current occur in 
response to a disturbing influence so that normal crater 
conditions and light output are restored more quickly. 
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Fig. 12. Ultra- 
violet output 
(2,900-3,100 
Angstrom units) 
versus arc voltage; 
cerium core 
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The operator of a Suprex type of arc, using a low-voltage 
power source, should therefore expect to see wider fluctua- 
tions of current than are customary with other types of 
arcs. Furthermore, it should be recognized that fluctua- 
tion of current is not necessarily associated with corre- 
sponding fluctuation of light but is, rather, a stabilizing 
factor by means of which uniform light output is main- 
tained. ; 

The flame are can be operated satisfactorily over a 
considerable range of arc voltage although, under certain 
conditions or in some particular lamp, best results may be 
obtained over a relatively narrow voltage range. The 
effect of changes in arc voltage on ultraviolet output from 
2,900 to 3,100 Angstrom units is shown by the curves in 
figures 11 and 12. The former is for a carbon containing 
iron, nickel, and aluminum in the core and the latter for a 
cerium-cored carbon. Relative effect of changes in are 
current and in are voltage can be observed by comparing 
these curves with those in figure 7. 


Conclusion 


The carbon arc is firmly established as a powerful, 
efficient, and highly flexible source of radiation, possessing 
certain advantageous characteristics which make it a 
most useful source of radiant energy for many purposes. 
It is true of the carbon arc, as it is of all types of light 
sources, that effective application requires consideration 
of the inherent characteristics of the source and adapta- 
tion of operating conditions to these characteristics. 
Each type of arc has its own peculiar advantages and 
fields of application. The foregoing discussion covers 
some of the features of the various types of arcs to which 
attention should be given in making the initial application 
as well as in subsequent operation. 


References 


1. CHARACTERISTICS AND USRS OF THE CARBON ARC, W.C. Kalb. ELECTRICAL 
ENGINEEKING, volume 53, August 1934, pages 1173-79. 


2. EFFICIENCY IN CARBON ARC PRojecTIOon, W. R. Mott and W. C. Kunz- 
mann. Tyvansactions of the Society of Motion Picture Engineers, No. 16 
(1923), pages 143-54. 


3. Propertizs oF Low INTENSITY REeFLEecTING ARC PROJECTOR CARBONS, 
D. B. Joy and A. C. Downes. Journal of Society of Motion Picture Engineers, 
volume 16, June 1931, pages 684-94, 


4. Some CAUSES FOR VARIATIONS IN THE LIGHT AND STEADINESS oF HIGH 
INTENSITY CarzBons, D. B. Joy and A.C. Downes. Journal of Society of Motion 
Picture Engineers, volume 16, January 1931, pages 61-66. 


5. THE ELECTRO-CHEMISTRY OF THE HiGH InTENSITY ARC, T. R. Bassett. 


Transactions of The American Electro-Chemical Society, volume 44, 1923, 
page 153. 


ELECTRICAL ENGINEERING 


-urrent Loci in the General Linear A-C Network 


By ALAN HAZELTINE 


FELLOW AIEE 


UR PROBLEM is to find the way in which the 

currents and voltages vary in a general linear a-c 

network connected to a single adjustable branch, 
hen the current of that branch is adjusted under some 
ven restriction. In a general linear network, each 
-anch has a fixed impedance; and the impressed voltages 
id currents (of which there may be any number, but 
sually is only one) are also fixed.* The impressed 
yltages and currents are supposed sinusoidal and of the 
me frequency; and we are concerned only with the 
eady state. So all voltages and currents are sinusoidal 
id may be represented analytically by complex numbers 
id graphically by plane vectors. 
If we write for the network a complete set of circuit 
juations, these will be linear in the unknown voltages 
id currents, together with the current J, of the adjust- 
le branch. If we are interested in a certain current I, 
e may eliminate all other unknown currents and voltages 
iccessively in the usual way, by multiplying the equa- 
ons by suitable constants and adding them. At each 
ep the resulting equations then remain linear; and we 
all finally arrive at a linear equation connecting only 
, and I,: 


p= Io + Kyl, 


vidently I,,, is the value of J,, when J, = 0 and is due 
_ the impressed voltages and currents. While Ky is 
e value of J, when J, = 1 and all impressed voltages 
id currents are removed (making Jy, = 0): here the 
it current J, must be supplied from a source in its 
anch; and the impressed voltages must be removed by 
ort-circuiting them, the impressed currents by opening 
eir circuits, so as not to alter the impedances of the 
twork. 

If we had been interested in a voltage E,,, instead of a 
rrent J,,, a similar equation would have been found: 


p = Eyo + zuly 


vidently E,,, is the value of E,, when I, = 0; and zy 
the value of E,, when J, = 1 and the impressed voltages 
id currents are removed. In particular, we have for 
e voltage E, across the adjustable branch 


(Io, Ky are constants) (1) 


(Exo, Zu are constants) (2) 


= Exo — zglz (Ez, Zs are constants) (3) 


sre E,, is the value of E, when I, = 0 (i.e., the open- 
cuit voltage of the adjustable branch) and is due to the 
pressed voltages and currents of the network. While 
is the value of E, when J, = —1 and the impressed 


Ve do not exclude amplifiers, which involve one-way action; so our treatment 
more general than the usual network theories, in which amplifiers are sup- 
ed absent, resulting in certain symmetries in the circuit relations. Voltages 
1 currents in amplifiers which are proportional to other voltages or currents 
, of course, not considered as impressed, even though they are derived from 
arate sources of energy; for they are taken into account by transfer imped- 
es. A similar consideration applies to voltages and currents of negative- 
stance devices, 
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voltages and currents are removed. If we restrict our- 
selves (as we shall) to an adjustable branch connected to 
the network only through 2 terminals (in particular, having 
no mutual inductance to the network), then z, is the 
impedance looking into the network between these ter- 
minals, since —J, = 1 represents the current sent into 
the network by the voltage E, due to a source in the 
adjustable branch. f 

In place of an open-circuit calculation to determine 
Ty (or Ey.) and E,,, or in place of an wmpedance calcu- 
lation to determine Ky (or zy) and zs, we may use a 
short-circuit calculation, in which the adjustable branch is 
short-circuited, making E, = 0. If ly, Ey, andl under 
this condition are denoted by Iys, Eys, and I,s,fequa- 
tions 1, 2, and 3 give 


Ins = Ino + Kulis Iyo = Ius — Kulis 
» whence or 


Eys= Evo + zulzs Eyo= Eus 4 zulis 


0 = Ep — zslzs | Exo = 2slis 
Mf —I 
Ky= US 0 
Ths 
Eus—E 
zu = —MS MO (4) 
Ths 
Zs = Exo 
Ths 


If not restricted, the current J, would be represented 
by a vector whose extremity could lie anywhere in its 
plane. When, however, I, is restricted by a single real 
equation, the extremity of its vector will in general lie 
on a curve, called the locus of I, for this restriction. For 
example, if the restriction is that the apparent power of 
the variable branch be constant, E,J, = A,, the locus 
of I, will be one of those shown in figure la, according 
to the value of A,.** Now multiplying J, by the complex 
constant K,, will change its magnitude in a fixed ratio 
and its phase by a fixed angle; so the loci of K,,J, will 
be similar to those for J, and similarly related to one 
another, but will in general be changed in scale and rotated, 
as represented in figure 1b, with O’ as the origin. Then 
adding the complex constant Jy, to give I, according to 
equation 1, merely shifts the origin to a new point O, 
figure 1b. That is, every variable current Iy, (and every 
variable voltage Ey,) of the network will have loci similar to 
those of I,. 
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{ Equation 3 together with this statement constitutes Thévinin’s theorem. 


** These curves are the ovals of Cassini, each of which is characterized by the 
property that the product of the distances from any point on it to 2 fixed points 
is a constant, As may be seen from the discussion immediately following 
(figure 2b), the distance from any point to the “‘short-circuit point’? A represents 
Ex/zs; and (£z1/z8)IL = Ax/zs, which is constant. A special case is the 
lemniscate, drawn heavily in figure la. 
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Our problem is thus reduced to that of finding the loci 
of I, under various restrictions. The restrictions that 
we shall consider are that each of the 10 following real 
quantities in the adjustable branch shall in turn remain 
fixed at various values: cutrent, J,; voltage, E,; their 
phase difference, o,» active power, P, = Ll, cos¢,- 
reactive power, 0, = E,J, sin ¢,; impedance, z, = E,/I,; 
resistance, 7, = 2, COS @;; reactance, x; i, Syidl yy 
conductance, g, = (1/z,) cos ¢,; susceptance, 6, 
(1/z,) sin ¢,. We shall find that the loci in each case 
form a set of circles and that all of these sets of circles 
are related to a single framework (figure 2) made up of 4 
fixed points (O, A, B, C) and the 6 straight lines joining 
them, as follows: for fixed J,, E,, P, or Q,, the centers 
of the circles lie on one of the 4 points; while for fixed 
dr, 2p Tr Xp Zp OF b,, the centers of the circles lie on 
one of the 6 straight lines. (Figure 2 is drawn for the 
case where rs and xg, the rectangular components of Zg, 
are both positive, as is most usual.) 

The locus for any fixed magnitude J, of current I, is 
obviously a circle having its center at the origin O and 
the radius J,, figure 20. 

The locus for fixed magnitude F, 
almost as directly: 


of voltage is found 
If we write equation 3 in the form, 


(5) 


we see that the vectors corresponding to the 3 terms form 
a triangle, as in figure 2b, of which the vertex A also is 
fixed,..since the short-circuit, current, I,, = E_,/Z,5, is 
fixed. Then if the magnitude E, is fixed, the magnitude 
of E,/zs will also be fixed; so the locus will be a circle 
having its center at the short-circuit point A and the 
radius £,/2z. 

The active power P, 
plying J, by the projection of E, upon J,. 


iS 2s 
(b) ©) 


= E,I, cos ¢, is found by multi- 
If ¢,, is the 


Fig. 1 


phase difference between E,, and J, and if r, is the real 
part of 2s, this projection is E,, cos ¢,, — I,%s, as illus- 


trated by the usual vector diagram, figure 2a. So 
Wiha de 
Py, = I,(Eqo cos gro — Izrg), whence cos gro = fit + Palt's (6) 
I, E10/rs 


To show that with fixed P, this gives a circular current 
locus, we may derive the general polar equation of a 
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i} 
circle, as illustrated in figure 3. 
“cosine law’’ of trigonometry gives 


R? + a? — Be 


cos (@ — a) = Ra 


This is of the same form as equation 6, the correspondence 
being as follows: 


1 Ero 
Variables, J, = R, gz) = 9; constants, ae ah Cpe SS 
r 


3 Ts 


Hence the locus for fixed P, is a circle whose center is on 
the E,, vector (a = 0) at the fixed distance 


(9) 


Such a set of circles is illustrated in figure 2c, with centers 
at B. If P, is positive (power input into the adjustable 
branch), then a > 0b and the circle does not enclose the 
origin. If P, is negative (power output), then a < } 
and the circle encloses the origin. If P, 0, then 
= 6 and the circle passes through the origin, as shown 
by the heavily drawn circle Cp in figure 2c. There will 
be a maximum possible value of P,, corresponding to 
= (0), which is 


(10) 


This corresponds to the common center B, which may 
thus be called the maximum-active-power point. 

The loci for fixed reactive power Q, are found in exactly 
similar fashion, Q, being given (figure 2a) by the equa- 
tion, 


A Tr 
QO, = I1(Ex sin gro — Inxs), whence sin gro = cos (ers -*) = 


2 
Dp Or) as 


; (11 
I, E10/xs ) 


where x, is the imaginary part of zs. The loci are again 
concentric circles, their centers being at the distance 


ree (12) 


on the line lagging 90 degrees behind E,,, and their radii 


being 
1/9 2 a 
b = G - 2) = & - 2) (13) 
xg 4x5? Xs 
as also illustrated in figure 2c, with centers at C. If Q, 


is positive (inductive), the circle does not enclose the 
origin; if it is negative (capacitive), the circle does enclose 
the origin; and if Q, = 0, the circle passes through the 
origin, as shown by the heavily drawn circle Co, figure 2c. 
There will be a maximum possible value of Q,, corre- 
sponding to 6 = 0, which is 


(14) 
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There the well-known. | 
; 
} 


| 


nis corresponds to the common center C, which may 
us be called the maximum-reactive-power point. 

The 4 fixed points O, A, B, C, which we have now 
cated, and the 6 straight lines joining them make up 
e framework to which we referred earlier. In the 
bsequent loci (figure 2d, e, f), each of these straight 


(a) 


fe) ELo SIN Yio 
ELo 


m 
cos (—0’ — a) = i 4 UR! of cos (0" 4 ot) = mR’ s- R’ oe) 


which is of the same form as (15) but with a replaced 
by —a and with m and n interchanged. The locus of 
R’ is therefore also a circle, as represented by C’, figure 4a. 
(The dotted circle C, is conveniently found first; it is 


\\ 


YA 


V 


A 

Y 

(\ 
\ 


Figs zi) 


es will appear as a special locus itself and also as 
aring the centers of a set of circular loci. The circles 
» and Cy, also reappear as loci in each of figures 2d, e, f, 
id are heavily drawn throughout. 

The remaining sets of loci all depend on the property 
a circle that its inverse with respect to a point is also a 
rcle (including the limiting case of a straight line as a 
rcle of infinite radius). Let a complex variable, R = 
/° have a circular locus C, so that R and @ are related 
r equation 7. The reciprocal, R’ = R’e” = 1/R = 
/R)e*’, then has the magnitude R’ = J/R and the 
fase angle 0’ = —6. If a > b, so that the circle C 
es not enclose the origin O, figure 4a, equation 7 may 
- written in the form, 


(8 = a) = mR + = (15) 


1/(2a) and n 


nere m = 
nstants. 
Putting 6 = —6’ and R 


(a? — b?)/(2a) are positive 


1/R’, we have 
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the inverse of C with respect to O, only the magnitude 
having been changed from R to R’, not the angle 0.) 

If a <b, so that the circle C encloses the origin O, 
figure 4b, equation 7 may be written in the form, 


cos (0 —a) = mR Bil 


R (17) 


where m = 1/(2a) and n = (6? — a*)/(2a) are again posi- 
tive constants. Then, putting 90 = —@’ and R = 1/R’, 
as before, we have 


(Cag.! )= = : (6% )) ail (18 
cos (—0'— a) = — —nR’ or cos — = - = 
0 a : or co a-T n ; ) 


which is of the same form as (17) but with @ replaced 
by « — a and with m and n interchanged. The locus 
of R’ is therefore again a circle, as represented by C’, 
figure 40. 

If a = b, so that the circle C passes through the origin 
O, figure 4c, equation (7) becomes 


cos (@ — a) =— 


a (19) 
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So 
P 1 
cos (—#0 a) = aR" 
or (20) 


1 
R’ cos (0’ + a) = — 
2a 


which is evidently the equation of the straight line C’, 
figure 4c. 

(The theorem that the inverse of a circle is a circle 
can also be proved by elementary geometry, using the fact 


Fig. 3 


that an inscribed angle is measured by its subtended arc 
to prove the similarity of certain triangles.) 

The above theorem can be generalized to show that if 
R has a circular locus, then so has the general linear fraction, 


dR 
= iR = 7 (2 e, f, g are complex constants such that £ # 5) 
(21) 
For this equation may be reduced by division to 
d_ e-— dg/f 
= — 4} 2 
oe + Rtg (22) 


Thus w is derived from R by the following steps, each of 
which turns one circle into another: multiplying by the 
constant f and adding the constant g, thus changing the 
scale, rotating and translating the circle; inverting, 
giving a new circle as proved above; and multiplying by 
the constant e — dg/f and adding the constant d/f, thus 
changing the scale, rotating and translating the new 
circle. 

Now returning to our problem of finding the loci of J, 
we may put E, = J[,z, in equation 3, giving 


Exo 


Il, = 23 
3 Zs + Z1 7) 
where 

zy = 2,69°L = ry + jx, = ———— is variable (24) 


gL — jor 


Evidently J, is a linear fraction with respect to any of the 


components Z,, e/°L, x), Try by, OF g, When the associated 
component is held fixed. Hence in each case the locus 
of I, will be a circle, as we have just proved. We pro- 
ceed to consider each case in turn. 

If the phase difference y, is fixed, and 2, varies, the 
vector z,¢7° will have a straight-line locus (circle of 
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infinite radius). The current is expressed in terms ) 
¢, and z, by the equation, 


Exo 
1 Fat ayes i) 
As z, varies from 0 to », J, will vary from E,,/z, to 0, 
for any ¢,; so all circular loci will pass through the origin 
O and the short-circuit point A, as drawn in figure 2d, 
Their centers will therefore lie on the line BC, which is 
the perpendicular bisector of OA. For very large 2z,, 
the term z, becomes vanishingly small in comparison 
with z,<’*; so I, starts off from O at the phase angle 
—y,, which is thus the inclination of the tangent to the 
circle at the origin. When ¢, = 0, we have the zero- 
active-power circle C,; when yg, = 90 degrees, we have 
the zero-reactive-power circle Cg; and when 9, = gg 
(the phase angle of z,), we have the straight line OA. ] 

If the impedance z, is fixed and ¢, varies, the vector 
z,¢/*t will have a circular locus (since &* is a vector 
of unit length and variable angle). The current, given 
by 25, will then have a circular locus which is most easily 
located by finding its center and radius. Evidently I, 
will have its minimum and maximum magnitudes when 
z, is respectively in phase with, and in opposition to, 
Zs;. it then becomes 


E 1 
T, poet eed oa as — : 
Ss 1 a oL ’ 
25 
and (26) | 
E il 
I, max = —. 


Zs 21 
1- 


The center of the circle is then the extremity of the vector, 


Ty min + Ii max _ Exo 1 i ‘ 1 
2 Zs 2 2, 2, Zs 212 


(27) 


so all centers lie on the line OA, which is the vector E,,/2,5 
produced. And the radius of the circle is the length of 
the vector, 


Tymax—Ipmin _ En 1 1 oe 1 

2 gf 2 : 

28 tie 2L | te aL 

Zs Zs 
Ey 21/2 

ie 2 (28) 

28 2h 
ane 
2s 


’ For 2, = 0 and z, = ©, respectively, the circles shrink to 
' thepoints A and O. For 2, = 2g, the circle has an infinite 
_tadius and becomes the straight line BC. 


~ Inspection of figure 2d suggests that the 2 sets of circles 
are orthogonal (cross at right angles). To prove this, we 
may differentiate (23): 


—Ex 


Nb 3 3 
”“"'(ag + 31) 


dzz, (29) 
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w if dz, is given in turn 2 values at right angles, d/, 
l also have 2 values at right angles, since the factor 
Ew/ (Zs + Z,)? is the same for both. But when z, 
‘ies first with yg, fixed and then with z, fixed, dz, will 
t be radial and then tangential. Hence the corre- 
nding values of dI, will be at right angles. This 


Fig. 4 


ation affords a ready means for locating the constant-z, 
cle passing through any po.nt P in the plane: the 
nstant-y, circle is first drawn (through P, O, and A) 
d then its tangent is drawn at P; the intersection of 
is tangent with OA is the center of the required circle.* 
If the resistance r, is fixed and x, varies, the vector 
= 7, + jx, will have a straight-line locus (vertical). 
ie current is expressed in terms of 7, and x, by the 
uation, 


EE a Ew (30) 
Peer ter) (tg tty) ier, + xz) 

Pre 2, =f, + jx. 

If x, = +o, J, = 0 for all 7,; so all circular loci will 
ss through the origin O. Evidently I, will have its 
iximum magnitude when x, = —x, and is then 

Exo 
Sara (31) 


e center of the circle is then the extremity of the vector, 


Exo 


2(rg + rr) (32) 


Tmax = 
all centers lie on the line OB, which is the vector E,, 
oduced, as drawn in figure 2e. For 7, = +o, the 
cles shrink to the point O. For r, = 0, the circle is 
> zero-active-power circle Cp, whose radius was found 
be E,,/(2rs). Positive values of r, correspond to 


we imagine zZ mapped in its plane by drawing radial lines (fixed gz) and 
centric circles (fixed zZ), these lines will constitute a figure conformal with 
loci of figure 2d. Conformal mapping of one figure on another requires that 
corresponding angles be equal. It always results when corresponding loci 
drawn for 2 complex variables one of which is an analytic (differentiable) 
ction of the other; for then differential figures will be similar. (Finite 
res, however, will be similar only in the special case where the function is 
ar, asin equation 1 and figure 1.) 
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circles inside Cp, negative values to circles outside. For 


’, = —fs, the circle has an infinite radius and becomes 
the straight line OC. 

If the reactance x, is fixed and 7, varies, the vector 
Z, = 7, + jx, will again have a straight-line locus (now 
horizontal). 


The current, expressed by (30), will have 


a similar set of circular loci, all passing through O (for 


rt, = +o). It will have its maximum magnitude when 
f, = =r, and is then 

Exo 
I, =i 33 
IBS Teed ve 


The center of the circle is then the extremity of the vector, 


1 E 
ae T, max 2 


2 a j2A(xs + x1) Sed) 


so all centers lie on the line OC, which is in quadrature 
with E,,, as drawn in figure 2e. For x, = + ™, the 
circles shrink to the point O. For x, = 0, the circle is 
the zero-reactive-power circle Cy, whose radius was 
found to be E,,/(2xs). Positive (inductive) values of x, 
correspond to circles inside Cg, negative (capacitive) 
values to circles outside. For «x, = —vxz, the circle has 
an infinite radius and becomes the straight line OB. 

The 2 sets of circles in figure 2e are orthogonal, for the 
same reason as in figure 2d. Equation 29 still applies; 
and dz, will first be vertical and then horizontal when 
Zz, is varied first with r, fixed and then with x, fixed. 

If the conductance g, is fixed and b, varies, the vector 
1/z, = g, — jb, will have a straight-line locus (vertical). 
It will now be convenient to temporarily shift our origin 
to A and to consider the locus of the: vector (extending 
from A, figure 20), 


Ey, om — Ew. ZL a Exo 1 
eon Zs Pea eee 1 
ay i 
Exo 1 


Zr (gs + gr) — j(bs + br) oe) 
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where 1/z,0= 2, — j0gouli 0,9= “10, —sEe/z7 0 
for all g,; so all circular loci will pass through A. Evi- 
dently —£E,/z,s will have its maximum magnitude when 
b, = —bg, and is then 
Exo 1 


=—-. 36 
Zs Zs? gs + £1 (29) 


Exmax 


The center of the circle is then the extremity of the vector 
(from A), 

Exo 1 

2(gs + gx) 
This vector evidently lags behind — E,,/z, by the angle 
Ys; so it lies along the line AB, on which therefore all 
centers lie, as drawn in figure 2f. For g, = +o, the 


(37) 


2 Zs 


Fig. 5 


— 


Ero Eco 
Zs Zs? j2(bs tbr) 


Eto) 
Zs? 2(9st+gc) 


2Zssin(P-¥s) 


circles shrink to the point A. For g, = 0, the circle is 
the zero-active-power circle C, since then 
Exo Exo 


ey Emax “sss me 
Zg°°2g53 27g 


2 2s 


= (38) 
as found for the radius of Cp. Positive values of g, 
correspond to circles inside Cp, negative values to circles 
outside. For g, = —s, the circle has an infinite radius 
and becomes the straight line AC. 

If the susceptance b, is fixed and g, varies, the vector 
1/z, = g, — jb, will again have a straight-line locus 
(now horizontal). And —E,/zs, expressed by (35), will 
have a similar set of circular loci, all passing through A 


(for g, = +o). It will have its maximum magnitude 
when g, = —ggand is then 
Emax — Exo 1 


(39) 
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The center of the circle is then the extremity of the vecto 
(from A), ; 

Exo 1 : 
zg 52(bs + bz) ‘— 
This vector is evidently in quadrature with the vector of 
equation 37; so it lies along the line AC (perpendicular 
to AB), on which therefore all centers lie, as drawn in 
figure 2f. For b, = + ©, the circles shrink to the point 
A. For b, = 0, the circle is the zero-reactive-power circle 
Cg, since then 


AW 
2g"2bg 2x 


us Eymax 


2 Zs 


Eymax a 


2 28 


as found for the radius of Cg. Positive (inductive) valu 


of b, correspond to circles inside Cg, negative (capacitive) 
values to circles outside. For 0, = —dg, the circle has 
an infinite radius and becomes the straight line AB. 

The 2 sets of circles in figure 2f are orthogonal, for the 
same reason as in figure 2d and e. The equation which 
applies in this case is found by differentiating equation 35: 


Gr 


for d(1/z,) will first be vertical and then horizontal when 
1/z, is varied first with g, fixed and then with 0, fixed. 

In figure 5a we have drawn (to double the scale of 
figure 2) for a particular current vector I, the 10 loci 
which pass through its extremity, values of the radii 
and locations of the centers being indicated, for conveni- 
ence of reference. Figure 50 is derived from figure 5a 
by multiplying all vectors by the constant K,, and adding 
the constant Io, to give I,, in accordance with equation 1. 
This concludes our general problem. 


Exo il 


ae ay) 


(42) 
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A Suggested Rotor Flux Locus Concept of Single-Phase 
Induction-Motor Operation 
By C. T. BUTTON 


ASSOCIATE AIEE 


are the 2 commonly accepted bases for analytical 

treatment of the single phase squirrel cage induction 
otor. For the purpose of quantitative analysis as well 
to explain why and how the motor runs, the first men- 
yned theory resolves fluxes, voltages, and currents into 
mponents in 2 axes fixed with reference to the stator; 
hereas the second theory resolves the flux into 2 rotating 
mponents—one rotating in a positive direction at syn- 
ironous speed, and the other rotating in a negative di- 
ction at synchronous speed. 
An alternative concept is outlined below which is per- 
ips less involved than either of the above theories, al- 
ough it does not lend itself to quantitative mathematical 
eatment. Ina word, it considers the total flux travers- 
g the air gap, and gives a complete picture of the varia- 
on in magnitude and direction of the total or resultant 
ix. The novelty of the treatment consists in referring 
e flux to axes fixed with reference to the rotor. Once the 
ind of the reader becomes accustomed to thinking of the 
tor as a fixed basis of reference, the development be- 
ymes quite clear and rational. (The rotor may be re- 
urded as stationary with the stator rotating about it, or 
it assists in visualizing one can imagine he is hanging to 
ie rotor and turning around with it.) 


E cross field theory and the revolving field theory 


ssumptions 


Inasmuch as quantitative results are not attempted, 
ator resistance and leakage reactance will either not be 
‘volved, or will be considered zero. For purposes of sim- 
lifying the diagrams, a 2 pole motor will be considered 
igure 1). Motor torque will be considered as clockwise. 
he flux crossing the air gap in the axis of the stator wind- 
ig poles will be called primary flux. At synchronous 
eed the axis of the primary flux will accordingly be ro- 
iting with an angular velocity of 27f in a counterclockwise 
nse, with respect to axes of reference fixed in relation to 
1e rotor. 


ondition at Synchronous Speed 


We may first plot the locus of the primary magnetomo- 
ve-force vector with reference to the rotor for the syn- 
i1ronous speed condition, as indicated in figure 2. This 
ay also be considered as representing the locus of flux 
rough the rotor if there were no rotor conductors; or 
3 representing the primary flux as defined above. (If the 
tor were at standstill, the flux locus would of course be 
straight line, the instantaneous magnitude of the flux 
ulsating sinusoidally positive and negative with respect 
» time.) At synchronous speed, this primary magneto- 
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motive-force or primary flux vector locus would be a circle 
as shown, never going below the horizontal (rotor) axis. 
The maximum primary flux is shown as Fy, in figure 2; 
and one-eighth of a cycle later the vector would be in the 
position shown dotted. The locus would be traversed (in 
a C.C.W. sense) by the vector twice per cycle, although 
its angular velocity is only 27f, as stated above. 

The effect produced by the rotor conductors may be de- 
scribed as follows. The rotor is an inductive body cir- 
cularly symmetrical, so to speak. It is evident that the 
effect of rotor inductance (not the leakage reactance) will 
be to resist any change in magnitude or direction of the 
total flux through it. In other words, due to change in 
magnitude and direction of the primary flux (figure 3) 
currents will flow in the rotor conductors producing a sec- 
ondary flux at right angles to the primary flux; and this 
secondary flux will have a magnitude and direction tending 
to maintain the total 
resultant rotor flux 
constant at OF. At 
the instant when 
the primary flux is 
zero, the secondary 
flux will be a maxi- 
mum, and perpen- 
dicular upward. This 
of course simply 
means that (to use 
ordinary terminol- 
ogy) the cross field is 
maximum when the 
main field is zero. 

The inductive effect of the rotor will not be 100 per cent 
in maintaining constant flux through the rotor at syn- 
chronous speed of course, due to the effect of rotor resist- 
ance and leakage reactance. The actual total rotor flux 
at synchronous speed in the practical motor will then be 
something like the locus indicated in figure 4. 

The concept which this treatment attempts to visualize 
does not emphasize the components OM and MF of figure 
3; but rather states simply that (to reiterate) the induc- 
tive effect of the rotor resists the amount of total flux 
change which would exist in an open-circuited rotor con- 
dition for the same rotor speed, constraining the total 
flux to the circular locus of small diameter shown in 
figure 4. 

(It might be mentioned however, that in addition to 
the main and cross field components, we could also indi- 
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SYNCHRONOUS 
SPEED 


Fig. 2 


TOTAL FLUX 


Fig. 5 


cate on our diagram the forward and backward rotating 
flux components OX and XF as in figure 5. OX is con- 
stant, and X F is constant in magnitude and rotating with 
a velocity of 47f. Again, there is no motive for separation 
into components except possibly to tie in our diagrams 
with both of the theories mentioned at the outset.) 


Normal Motoring Condition 


It is now but a step to the conception of the locus of total 
flux at any particular amount of slip. This is shown by 
figure 6, where the flux vector progresses around the rotor 
in a clockwise sense (taking 2 steps forward and one step 
backward, so to speak). 

Torque is produced by change in direction of flux 
through the rotor. The instantaneous torque will be a 
function of flux magnitude and angular velocity (torque 
would not be directly proportional to angular velocity of 
course). Inspection of figure 4 will show that at syn- 
chronous speed there is a pulsating torque with a net or 
average counter clockwise value. In other words, it re- 
quires power input to drive the motor at synchronous 
speed even with losses neglected. Or in still other words, 
the no load point is at some speed slightly below syn- 
chronism. 

With normal slip, inspection of the corresponding flux 
locus (figure 6) will reveal the existence and reason for the 
pulsating double frequency torque component, and also 
the average motor torque. 
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TOTAL 
FLUX (OF) 


The magnitude of the main flux will be the radius of the 
outer envelope of the total flux locus; and the quadrature 
flux will be represented by the radius of the inner envelope. 


Conditions Above Synchronous Speed 


In the same way, the total flux locus at a speed above | 
synchronism may be drawn as shown by figure 7. 


Conclusion 


It is not claimed that the concepts outlined may be of di- 
rect use in calculating performance of single phase 
motors. However, it is important to have clear mental 
pictures of just what is going on in any machine under con- 
sideration. Such concepts may serve to assist in inter- 
preting results obtained from mathematical treatment, and 
they may also serve a purpose in connection with general 
educational work. 

The rotor is conceived of briefly as an inductive “‘circu- 
larly symmetrical’”’ rotating body which tends to maintain 
total flux constant in magnitude and direction with respect 
to itself. This inductive effect prevents total flux from 
disappearing at the instant the primary field is zero; and 
its resistance to change in direction of total flux through 
it produces torque. The reason for the pulsating and 
average motor torque components is thus clearly visual- 
ized, by reference to the diagrams showing the behavior 
of the “‘mutual reactance flux” through stator and rotor. 
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Constants of Single-Phase Induction Motors 


Part I: Aiir-Gap Reactances 


By WAYNE J. MORRILL 


MEMBER AIEE 


ynopsis 


This paper is the first of 2 papers dealing with the de- 
lopment of equations for determining the characteristic 
mstants of single-phase induction motors. It is in- 
nded to present in the complete paper a unified tabula- 
on of formulas consistent in symbols with those used in 
le paper which I presented at the midwinter convention 
the AIEE, New York, January 28-February 1, 1929. 
This particular section of the paper deals with a rigor- 
is development of the reactances of single-phase motors 
hich result from fluxes crossing the air gap between the 
ator and rotor. 


itroduction 


MINCE 1929 great strides have been made in the 
design and development of the capacitor motor. 
As evidence of this fact, the capacitor motor is 

yw the accepted motor for use on domestic refrigeration 

achines and many other domestic appliances. During 
ie last year over 1,000,000 such motors were built in 
ie United States. 

It is felt that at this time a further contribution to the 

t can be made by presenting in one paper a systematic 

velopment consistent within itself, covering the method 

calculating the electrical characteristic constants of 
ngle-phase induction motors. 

It is hoped that such a complete and consistent pres- 

tation of the matter will be useful in view of the fact 

iat most of the previous information on the subject has 
en based upon polyphase formulas adapted to single- 
1ase construction. 

While the constants as developed in this paper are in- 

nded primarily for use in conjunction with the theory 

the capacitor motor and the resistance split-phase 
otor, the point of view of the development is such as 

_ furnish calculational methods which apply equally 

ell to other types of single phase motors as, for example, 

e repulsion-start induction-run single-phase motor. 


lan of Development 


The plan of the development follows closely that em- 
oyed by Chapman for polyphase induction motors and 
ger for synchronous motors except, that the single- 
lase point of view is maintained throughout and the 
sults apply especially to single-phase motors. 

The development has as its basis the assumption that 
ly flux of fundamental space distribution links mutually 
e rotor and stator. Harmonic fluxes are assumed to be 
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self-inductive to the members producing them and their 
effect is treated as that of self-inductive leakage reactance. 

It is shown that spiraling either member reduces the 
effectiveness of the fundamental flux of one member as 
regards the other member while having no effect upon 
the producing member. It follows that where relative 
spiraling exists between the stator and the rotor the 
mutual reactance is reduced and since the self-inductive 
reactance is unchanged there must be effective in each 
member a component of leakage reactance due to self 
produced flux of fundamental space distribution. Ex- 
pressions for exact determination of these effects are 
derived. 


Results of Development 


There results from the development an exact definition 
of 6 primary reactances and 5 secondary reactances. 
Only 3 of each are useful in actual calculation, the others 
being used in the development and for the sake of clarity. 
The constants and their derived formulas are listed in the 
tabulation below and their significance indicated by the 
accompanying equivalent circuits. 

For the primary, the reactances defined are: 


PRIMARY AIR-GAP REACTANCES 


Xr, = total primary self-inductive reactance due to air-gap flux 
ROR, total primary self-inductive reactance due to fundamental 
flux (both forward and backward) 


Xm, = total primary self-inductive reactance due to either funda- 
mental field 

X,5: = total primary self-inductive reactance due to harmonic flux 

Xt = total primary self-inductive reactance due to spiral 

Xm = primary mutual reactance of either forward or backward 


field 


SECONDARY AIR-GApP REACTANCES 


Xp, = total secondary self-inductive reactance to a revolving field 
Xm, = secondary self-inductive reactance due to fundamental flux 
Xos = secondary self-inductive leakage reactance due to air-gap flux 
Xq = secondary self-inductive leakage reactance due to spiral 

Xm = secondary mutual reactance (with primary) to either field 


Nomenclature 


All of the nomenclature is defined in the course of the 
development. For convenience those symbols needed 
in interpreting the results are listed below. 
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ih = line frequency, cycles per second 

fr = function of primary turns. See remarks preceding (18) 
K = 27f10- 

l = axial length of air gap section in inches 

Me = total number of rotor slots 

@ = A/d 

A = effective air-gap area per square inch 

6 = radial length of air gap in inches 

de = number of fundamental poles 

T,pW,= primary effective turns per pole. See (11) and (12) 

nN = fundamental peripheral pole pitch in inches 

Ne: = peripheral distance in inches by which one end of spiraled 


member is displaced from its other end. See (40) 


Appendix—Development 
of Expressions for Reactance 


General Assumptions in the Development 
of Equations for Air-Gap Reactances 


The usual assumptions which are made in the exact analysis of 
induction motors and which are listed in the appendix of my 1929 
paper are made in this paper and will not be repeated. 

In determining the air-gap reactances of induction motors, how- 
ever, there are certain assumptions in addition to those already 
mentioned which must be made for the sake of establishing a simple 
and exact method of attack. These assumptions are listed below. 


(a) Only air gap flux of fundamental sinusoidal space distribution 
links mutually the rotor and stator winding. This is true because 
unless the number of slots in the rotor and stator are made multiples 
of each other, or the stator winding is carelessly proportioned, ex- 
perience and theory both show that harmonic fluxes of one winding 


FORWARD 
FIELD 


FORWARD 
FIELD 


BACKWARD 
FIELD 


BACKWARD 
FIELD 


PRIMARY REACTANCES SECONDARY REACTANCES 


Fig. 1. Summary of air-gap reactances 
= Kol 18 2X Na 
PG fr (18) Vee ae ee es a AS 
Tv Na rv 2 
X mt = = K IM TpW,)? (13) 
v XU: = Xm + X25 
4 
San KOIMT pW,)? (15) | Xm = Xm (39) 
fe > 54 . = pica 
X16 = Xm | 8 a Pati Wa Wakcp arn 
(TpWx)? 2m» 
(20) (38) 
X oat = Xm 1 = Xq = Xm E La 
2 


X . dar 
— sin a (47) 
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: 
; 
DEVELOPMENT OF A CONCENTRIC WINDING 
Cs 
* NOTE: WITH A'SPLIT” COIL 3 OF : 
CONDUCTORS EFFECTIVE ON EACH POLE 


ce 

\ 

ee eee! . 
‘a 

; 

ei MIS 
AIR GAP MAGNETOMOTIVE- FORCE i 

DISTRIBUTION 

Fig. 2. Development of a concentric winding . 
if 


generate negligible fundamental voltages in the other winding. 
It is true that the harmonic fluxes of one winding may generate 
voltages of other than fundamental frequency in the other winding 
under certain conditions, but the phenomena involved may be 
treated independently of the fundamental theory of the motor, and 
therefore, are not touched upon in the present report. 4 


(b) Only that portion of the stator fundamental flux which produces 
voltage in the rotor winding, and only that portion of the rotor funda- 
mental flux which produces voltage in the stator winding, are con-— 
sidered as mutual fluxes. The test for mutual flux is that it must. 
generate the same voltage per turn in one member as in the other 
member, and if this condition is not fulfilled the effect of reduction 
in voltage in the second member is that of leakage flux and must be 
so treated. 


(c) Those fiuxes which are produced by one member and which do 
not produce fundamental voltage in the other member are treated as 
leakage fluxes. From this point of view the difference, between 
the total flux of any winding and that portion of the flux which 
generates fundamental voltage in the opposite winding is defined 
as leakage flux. 


I—Air-Gap Leakage 
Reactance of a Concentric Stator Winding 


The primary windings of single-phase induction motors are in- 
variably of the concentric type (coaxial coils of varying pitch) as 
shown in figure 2. 

The total air-gap reactance of one pole of a concentric type wind- 
ing can be obtained by taking the summation of the reactances 
corresponding to each stator tooth and the turns surrounding it. 
The general equation for the tooth reactance is 


Xm = KON (ZnT)* (1) 
where 
l = axial length of air gap 


Xin, = reactance due to ‘‘nth” tooth flux 
K = constant to convert to ohms 


Ain = peripheral pitch of ‘nth’ tooth section 
2nT = sum of turns surrounding “‘nth” tooth section 
@ = permeance per square inch of air gap (see nomenclature) 


By reference to figure 2 it is possible to write the expression for 


ELECTRICAL ENGINEERING 


> reactance corresponding to the innermost teeth whose total 
ripheral pitch is Ag. 


MERC) (Dee Ty fT Ty er) (2) 


On each side of the \, section there are 2 sections of total periph- 
il pitch A» — Ag. The reactance due to these sections is: 


yd Kel (Ap Fr Xa) (To SF T Ge Ta te T.)? (3) 


By the same method of reasoning the remaining reactances may 
determined and the total reactance becomes: 


Xa 
3 (Fa + To + Te + Ta + Te)? 


Ay — A 
me fer be tty): 
Ne — A 


ciate (T. ar Ta sf a) (4) 


™m = Koln 
Ag — Xv 
2a (Ta + T.)? 


Na 
x 


(Te)? 


If only the air-gap magnetomotive-force distribution of the uth 
imary coil is considered, a diagram as shown in figure 3 is obtained. 


Fig. 3. Aijir-gap 
magnetomotive 
force of nth pri- 

mary coil 


y Fourier analysis it is possible to express the amplitude of the 
rresponding fundamental component of magnetomotive-force, dp: 


4 at An 
SS AS 5 
pee ns (5) 


By the use of (5) the amplitude of the fundamental component 
magnetomotive-force due to all the coils on a pole may be written: 


= Ldn (6) 


Tv 
Tqsin' = 
asin 5 


Tecine 
pin 5 


Sars 


r 
ae tL Sees 
» 


i] 


) 
Se | 


a a ONE er | 
Ire = 5 < i 
+r. | Fig. 4. Distribution of fundamental 
IR sin tar 
DN flux 


The flux density at any point on the air gap periphery corre- 
onding to a magnetomotive-force wave having a maximum ampli- 
de of a may be expressed: 


= ae cos =x (7) 
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where 


B = flux density at point x 
@ = permeance per square inch of air gap 


The portion of fundamental flux which links the mth stator coil 
can be obtained by multiplying equation (7) by the axial length in 


P r r 
inches / and integrating between the limits of — = and + = as 


indicated in (8). This is the equivalent of finding the flux cross 
hatched in figure 4. 


+Xn/2 r 
Gin = ih a@l cos - xdx (8) 
Net r 
x © +An/2 
@i, = al —- E c= 
r —~An/2 
aw Xn 
Bin = 2a6l -sin- — (9) 
sh si PADS 


The reactance of the mth stator coil due to the fundamental flux 
which links it may be expressed by multiplying (9) by the number 
of turns in the coil, T,, and by K/J to convert to ohms. 


Xin — (10) 


Shes 


Pp ee eres 
ees 
MP PSO: 


The total reactance of the stator winding due to the self-produced 
fundamental flux is obtained as the sum of X, for all coils: 


T,sin = 
T» sin 5 ~ 
Xmit = 2061 - - T, sin ~* (11) 
Ta sin > xe 
If, sin = ™ 


The bracketed member of (6) and (11) is termed the “effective 
turns” per pole of the primary winding and is symbolized by: 


Effective turns per pole = TpW x 


(12) 


where 


Tp = total turns per pole 
Wr = winding constant to convert to “effective turns”’ 


If (6) and (12) are substituted in (11) the following is obtained: 


Y.G = OIK (T,W;,)? (13) 

Equation (13) expresses the total reactance of the primary wind- 
ing due to pulsating self produced flux of fundamental sinusoidal 
distribution. 

It has long been known that a pulsating wave of sinusoidally 
distributed flux may be represented by 2 equal oppositely gliding 
waves of flux each having a constant amplitude equal to half the 
amplitude of the pulsating wave. In my 1929 paper I defined the 
magnetizing reactance of a single-phase motor as that value of 
reactance corresponding to either of the gliding fields of flux. In 
equation (19) of that paper its value was given as: 


1 
Xm = 2nfCp? = GIN0-* (14) 


In the present case, since the reactance due to each gliding (or 
revolving) wave of flux has the same value, the primary reactance 
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due to either must be equal to half the total primary magnetizing 
reactance: 


1 
Pe X mit 


Xm = 3 


(15) 


4 
Xm, = a OIAK (T,W;,)? 
wv 

If the following substitutions are made in (14) and (15) the 2 
equations will be found to be identical. 


8 
(Ges — TpW (16) 
us 


K = 2xf10-8 (17) 


It will be found convenient in the present paper to express as 
many air-gap reactances as possible in terms of per unit of Xj. 

If the bracketed member of (4) be called fp (function of turns), 
the equation for x7, is: 


Xn — KeMDfr (18) 


Equation (18) expresses the total reactance of the primary winding 
due both to the flux of fundamental sinusoidal distribution and the 
leakage flux which is of other than fundamental distribution. The 
reactance due to air-gap leakage flux may, therefore, be expressed 
as the difference between the total reactance and the total reactance 


due to the fundamental flux: 
X3t = Xr ct Xm (19) 


Expressed in terms of X,,; the total per-unit leakage reactance 
due to air gap flux is: 


Xp, — X 
Per unite a=) (20) 
Xm 
Ww? 
gat 
Per unit Xis,; = 2 (21) 


(TpWiy? 


Equation (21) is a dimensionless formula and because of its 
dimensionless character gives a clear picture of the relationships 
involved. In order to obtain the actual total primary air-gap 
leakage reactance it is necessary to multiply (21) by Xm, 


The Air-Gap Leakage Reactance of a Rotor With 
Uniformly Spaced Slots Wound One Phase per Slot 


In the case of a motor of the repulsion-start induction-run type, 
the rotor winding employed during running operation is a winding 
having as many phases as there are slots in the rotor. If the rotor 
has an even number of slots or a number of slots corresponding to 
a multiple of the number of poles, certain of these phases may be 
repetitions of each other, but the analysis to be presented will be 
found to include such special cases. 

If a rotor of the type described be acted upon by a revolving field 
of stator flux, the voltages generated in succeeding coils (phases) 
and the currents which result will have a peripheral distribution in 
the rotor slots as shown in figure 5. The upper diagram indicates 


LEFT COIL SIDES 


RIGHT COIL SIDE | 
i 


Fig. 5. Rotor slot ampere-conductor distribution 
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the slot distribution of the ampere conductors of the left han 
sides of the coils and the lower diagram indicates the ampere- 
conductor distribution of the right-hand coil sides. The sum of 
these 2 diagrams furnishes the total ampere-conductors Seba 
in each slot. 
Proceeding from the distribution shown in figure 5, it is possible 
to develop 2 magnetomotive-force distribution diagrams as shown 
in figure 6. The sum of these 2 diagrams furnishes the resultant 
magnetomotive-force distribution produced by the rotor winding. 
It is possible to express analytically the ampere-conductor dis. 
tribution in the rotor slots due to the left coil sides shown in the 
upper diagram, figure 5. 


Pr vie 

IntCe = Inn max Ce cos — n — (22) 
My IN 

where 

Ce = conductors per coil side 

eve = amperes per conductor in left side of mth coil 


Ton max = Maximum amperes per conductor in rotor coils 

n = integer indicating the number of the rotor phase under 
consideration, starting with a rotor phase carrying aa 
mum current as the zero phase and counting in a forward 


direction : 

iP = number of fundamental poles : 
r = pole pitch in inches 
m2 = number of rotor phases (total) i 

$ 
The equation for the ampere-conductor distribution in the nth 


slot due to the right-hand coil side is very similar to that of the left- 

hand coil side except displaced by a difference corresponding to the 
coil pitch and reversed in sign. This distribution is given by equa- 
tion 23. 7 


e 


The sum of equation (22) and (23) gives the total ampere-con- 
ductor distribution in the mth rotor slot. 


InCe = Giz a5 Inr)Ce = 


Tv 
InrCe == Lov max Gz COS jaan (n <= te) = 
m2 nN 


t, = number of rotor teeth included by one rotor coil 


q 


1 Pr 7 
TonimaxiCe || COS! =. 1) 5 COSt (7 (24) 
r Ms Xr & 
The sum of the ampere-conductors in each of the slots from the 
“zero” slot to the mth slot is the number of ampere-conductors 
tending to produce flux across the air gap from the face of the nth 
tooth. 


n 
Pr Pr 
MMF, = > Ten mae Col 205 0 COs 7 eae) (25) 


My Ms 
0 


Pr eas 
cos —— (2n + 1 — #,) sin ——f, 
Ws M2 


MMF;, = Inn max “| ; 4 


es 
Sil, aa 
My 


(26) 


The flux in the mth tooth which will be produced by MMF, may 
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Fig. 6. Rotor-air-gap magnetomotive force distribu- 
tion j 


IF 

A 
se 
oS 
SESS 2 
AN 

oN 
OSme 
Zn 
OS 


ELECTRICAL ENGINEERING 


obtained by multiplying MMF, by the permeance per tooth. 
an be expressed as in (27). 


PI 
= MMF, — 0 = 
M2 


Pr (2 oe t ) 5 Pr t 

COS a (77 —t,) sin — ¢, 
rPI 2m 2my 

Ion max C; baa e - : 


(27) 


‘he total flux per pole is the sum of the fluxes in each tooth across 
pole face: 


po ee 
API ed a 
= Dy = Ih, max Ge —— P 2a (28) 
3 Me «ote 
0 si 
2m, 


= axial length of air gap 
= permeance per square inch of air gap 


‘he amplitude of the fundamental component of the rotor flux 
| be obtained by Fourier analysis. In figure 7 is shown the 
; of one rotor tooth. The amplitude of the fundamental sine 
aponent of this flux will be derived. (Due to the choice of axis 
cosine component drops out in taking a summation of the sine 
1 cosine components across one pole and the cosine component is, 
refore, being omitted.) 

fhe amplitude of the fundamental sine component of the flux 
wn in figure 7 is given by the expression of equation (29) which 
| be converted to (30) and (31). 


Ap 


— (n+1) 
» : Asal d ks m2 a 
Jo Sy dr Ao sey MMF, © sin — xdx (29) 
% 2 
m2 
2 Te 12 
_= — —MMF, CP | cos (wn + 1) — cos Led "| (30) 
w M2 M2 
40 1 ere 
= — Ion max C, | — sin —~ (4n +2 —t.) + 
qT 2 2m 
id Wee at 
5 sin Sma ST, ¢ (31) 


The value of de, is the maximum density of the sine component 
the flux of the mth rotor tooth. To obtain the amplitude of the 
ai sine component the summation of ag, across one pole pitch is 
en: 


m2 
pic - 
— > den (32) 
0 
4P m: Ib cx ggltt 
= Coe lon max Coz fe sin? Qs | (33) 


‘he quantity a@ is the maximum amplitude of the fundamental 
; componertt produced by therotor winding. In order to express 
value of the flux it is necessary to integrate the wave correspond- 
to a@ over one pole pitch and for an axial length, /. 


» 2 
_— i lasin — xdx = — da (34) 
0 nN T 
4 Me, awP 
= = AClen max Co 5B sin? apes (35) 


ince all the currents which produce both $,, and @7, vary 
isoidally with respect to time, @,, and ®7, vary sinusoidally 
h respect to time and their difference, 7, — ®,,., varies in the 
1e fashion. All of these fluxes completely link each rotor bar, 
| since all of them are of the same frequency with respect to the 
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rotor they generate voltages of the same frequency which referred 
to the stator winding is the fundamental frequency of the motor. 
Since, with a given value of current, the magnitude of reactance 
is proportional to generated voltage, the total rotor-air-gap react- 
ance (referred to primary) X 7p, and the fundamental rotor air gap 
reactance Xj. must be proportional respectively to the total rotor 
air gap flux 7, and the fundamental air gap flux Om,. 
Pr, 


Xm og ell (36) 
Xm Dy 


In the same way that the per-unit air-gap leakage reactance of 
the primary was defined we may write 


= Xm. 


Or, — & 
Per unit Xo3 = meee — 


Pm, 


(37) 


If the values for 7, and ®,,, be substituted from (28) and (35) 
respectively equation (38) is obtained. 


wv 
to. iy 
LEIS Rope 
Ton max Ce e 
M2 . Pr 
sin — 
P 2m2 
Per unit X23 = (38) 
1 CAO aan 
an max Uc P Ii, c 
Equation (38) simplifies to: 
P 2 
Per unit X25 = (7) ee ee (39) 
Me 7 Pr 
4 sin? —— 
M2 


Equation (39) expresses the rotor-air-gap leakage reactance in 
per unit of X, but a valuable simplification can be made if it be 
recognized that: 4 


Xm: = Xm (40) 


This is true because the dimensions of the magnetic circuits of 
Xm, and Xm, are the same and X,, is “referred to the primary,” 
which means that the effective turns are the same. 


The Air-Gap Reactance Due to Spiral 


Thus far in the discussion of the air-gap reactances of single- 
phase induction motors only fluxes of other than fundamental dis- 
tribution have acted in the réle of leakage fluxes. We come now 
to a reactance caused by flux of fundamental distribution. 

If one of the members (stator or rotor) of an induction motor 
is spiraled, no change is produced in either the fundamental air- 
gap flux reactance or the total air-gap reactance as far as the spiraled 
member is concerned. There is, however, a change in the effective- 
ness of the spiraled flux in inducing voltage in the other member 
and since the proof of mutual flux is that it induce equal volts per 
turn at the same frequency in both members, it must be concluded 
that the reduced effectiveness of the primary flux is a leakage- 
reactance phenomenon. 

The equation for the 3-dimension wave of flux when the producing 
member is spiraled is given by (41). 


r, 
B= MMFymax ® cos ie (: — a) _ «| 


Xa = peripheral amount by which one end of the spiraled member 
is displaced from the other end 

zg = axial distance measured from one end of spiraled member 
toward the other end 
axial length of air gap 

The voltage per conductor generated in the unspiraled member 
is equal to the integral of the rate of change of the flux as g varies 
from zero to J. 


(41) 


ll 


(42) 
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ie 


Eca = K,MM Fax Cw a2 s (43) 
“|= cos| F8 _ «| 
aN 
‘ NT 
Ficce = 2K.MM Fymax ORO Sete x 
wT Ka 
; 7 Nw , Aw 
sin us (=— ss) at] sin 9 (44) 


Equation (44) indicates the voltage per conductor generated in 
the unspiraled member by the spiraled flux. The voltage which 
would be generated in the same conductor by the same fundamental 
flux if there were no spiral can be obtained from (44) by allowing 
Aq to approach zero as a limit. This voltage is given by equation 
(45). 

E, = K,.MM Fymax Cowl sin (Zs = w') (45) 

The ratio of the mutual fundamental flux to the self-inductive 
fundamental flux must be equal to (44) divided by (45) 


(46) 


The ratio of the leakage flux of fundamental distribution to the 
fundamental flux must, therefore, be: 


Pm — Pm _ peneto es 
Pim Pm, 


The ratio expressed in (47) is also the ratio of the leakage reactance 
to the primary fundamental air-gap reactance. 


(47) 


Per unit X_ = (48) 


In order to obtain either the primary or secondary forward or 
backward field leakage reactance due to spiral it is necessary to 
multiply (48) by Xm,. Since each stator phase produces a for- 
ward field of flux just equal to its backward field the total primary 
reactance due to spiral is equal to twice the spiral reactance of 
either field: 


2X Na 
Xeat = 2Xa = 2m | 1 —— — sin x = (49)* 


w Na DN 
The rotor forward-field flux is not equal to its backward-field 
flux and the value Xg, must be introduced separately into the 
equivalent circuit for each field. 
It is obvious from the development that it makes no difference 
which member is spiraled in so far as the resultant effect upon the 
mutual flux and the leakage-reactance fluxes are concerned. 


Mutual Magnetizing Reactance 
Due to Fundamental Flux 


In connection with the reactance due to spiral, it should be 
further noticed that the reduction in fundamental flux effectiveness 
mentioned at the start of the spiral reactance discussion amounts 
to a reduction in X,, the mutual flux reactance. The reduction 
is precisely the same as the leakage reactance due to spiral for that 


Fig. 7. Flux dis- 
tribution from 
rotor tooth 
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is the way the spiral reactance was defined. If there is no spiral: 


Xm = Xm, when there is no spiral (5 
When relative spiral exists the mutual reactance, X is reduce d 


Xm = Xm {1 — Per unit XQ} (51) 


2X Na 
Nee Na 52) 
2% sin (2 Z | ( f 


It will be noticed that when the spiral is equal to twice the pole 
pitch the fundamental mutual magnetizing reactance becomes 
zero and all the fundamental air gap flux produced by the prima 
winding acts as leakage flux. 
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Rectifier Circuit for Measurement of Small 
Power-Angle Oscillations 


By T. A. ROGERS 


ASSOCIATE AIEE 


nous machines is of considerable importance because 

of the application of such information to studies on 
stem load changes which may lead to loss of synchronism, 
. voltage fluctuations, or to hunting. Although in many 
stances very large angular swings must be taken into 
count, for many investigations only relatively small 
igular swings are considered. In this latter class are 
‘roblems of determining the effects of saturation on 
ad angle, angular variations with attendant current 
ilsations for variable torque loads, and the prediction 
stability under large load changes as determined from 
udies of loads causing small displacements. 
Rotor swinging has been observed under stroboscopic 
umination, and displacement angles have been recorded 
y a motion picture camera taking 30 frames per second 
sed in conjunction with the stroboscope.1. A mark ona 
oving field pole may be followed exactly in its oscilla- 
ons, a plot of displacements shown on the films yielding 
ie time-angle relation of the rotor. Rotor oscillations 
so have been determined by means of a pilot alternator 
rect connected to the shaft of the main machine.” In 
is case, 2 phases (single-phase line-to-line voltages), 
1e from each machine, are tied together at one end, and 
e rotor and voltage of the pilot alternator so adjusted 
at the voltage difference between the other 2 phase 
rminals is zero at the reference angle, which may be for 
ro or any specified load. The voltage difference ap- 
aring under load is a direct measure of the corresponding 
splacement angle, and the voltage carried to an oscil- 
graph results in a wave of line frequency with a varying 
nplitude if the rotor is swinging. 
The first method, although by far the best, because it 
ves the displacement angle directly under all conditions 
operation, involves apparatus not generally available. 
ne second method has the disadvantages of requiring 
| auxiliary alternator and areplot of the test data. Os- 
lations about a reference axis introduce a change of 
ase which may be difficult to determine under some 
nditions. In addition, the difference voltage is not 
oportional to angle outside a region of 60 electrical 
grees. This last disadvantage, however, is eliminated 
1en studies are confined to small angular displacements, 
many investigations are. 


Cus machin of transient oscillations of synchro- 


1e Circuit 


It is probable that the second method is more readily 
aptable to studies undertaken in most laboratories be- 
use of availability of equipment, in which case it then is 
convenience to have the oscillograph plot the actual 
placement curve directly rather than the wave of 
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MEMBER A\EE 


system frequency with varying amplitude. The full 
wave rectifier tube is well suited to this problem because 
of the practically linear relationship between the plate 
current and the applied voltage. The addition of a 
filter circuit to reduce the unidirectional pulsations at 
line frequency to an average value greatly simplifies the 
resulting oscillogram. 

With a single rectifier and filter circuit driven by the 
voltage difference between the pilot alternator and the 
machine under investigation, there results a single trace 
on the oscillogram the amplitude of which is directly pro- 
portional to the difference voltage. The magnitude of 


PILOT 
GENERATOR 


D-C 
GENERATOR 


SYNCHRONOUS 
MOTOR 


807 ta 
RECTIFIER B 


1000 OHMS 


Fig. 1. Rectifier circuit for determination of angular 


oscillations of a synchronous machine 


the difference voltage is proportional to sin (a/2) where 
a is the displacement angle between the machine terminal 
voltage and the pilot alternator voltage. As the sine 
of the angle is almost proportional to the angle itself for 
the range between 0 and 30 degrees, this circuit will give 
practically linear deflections up to torque-angles of 60 
electrical degrees. All of the deflections, however, are 
above the zero axis, those for negative as well as for posi- 
tive angles because of the characteristics of the rectifier. 
This difficulty may be overcome if 2 such circuits are used 
in opposition and are driven by 2 such difference voltages 
equal in magnitude at the reference angle. At the zero 
position the currents will balance out, the current through 
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the oscillograph element being zero for this rotor posi- 
tion. The circuit is shown in figure 1. 


Circuit Action 


The line voltages of the motor under observation are 
represented by the sides of the triangle ABC. The 
single-phase voltage, B’A’, of the pilot alternator repre- 
sents the rotor position of the motor. This voltage is 
made equal in magnitude to the line voltage of the motor, 
and is adjusted in phase so that it lies midway between 
the line voltages BA and BC. The difference voltages, 
CA’ and AA’, are equal and produce equal rectifier cur- 
rents, 7, and Jz, which are in opposition, thus resulting 
in zero current through the instrument. 

If a load is applied to the motor shaft there will be an 
angular displacement between the stator magnetomotive 
force and rotor poles which will be indicated by a shift 
in position of the pilot alternator voltage through the 
angle a, i.e., from B’A’ to B’A”’, The new rectifier 
voltages will be CA’’ and AA”’, resulting in an increased 


DIFFERENCE, OR 
OSCILLOGRAPH, 


‘| | 


a* 
uid 
Ai CURRENT 
oO 
=°9 Fig. 2. Char- 
= es, 
= acteristic curves 
= offs ° 
50 for rectifier cir- 
cuit showing 
100 tube currents 
and difference 
150 current as func- 
30 20 (0 0 i0 20 30 


tions of angle a 
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Fig. 3. Oscillograms showing an- 
gular oscillations of a synchronous 
motor under sudden load changes 


A—60-cycle timing wave 
B—Load current 
C—Machine angle, load applied (20.5 


electrical degrees maximum angle) 


D—Machine angle, load dropped (8.5 
electrical degrees initial angle) 


voltage on rectifier B and a decreased voltage on rectifier 
A. Ig will increase, I, will decrease, and the instru- 
ment or oscillograph will indicate a current equal to the 
new difference. In this discussion it is assumed that the 
machine under investigation is connected to an infinite 
bus. Practically, a drop of 5 per cent in line voltage will 
introduce about a 2 per cent error in the difference voltage. 

The characteristic curves of each rectifier, and the 
resulting characteristic, are given in figure 2. It will be 
observed that if the displacement angle is greater than 
30 electrical degrees both rectifier voltages will increase 
with angle, and the oscillograph current will remain con- 
stant, being the difference of 2 increasing currents. This 
circuit eliminates any question on change of phase. The 
filter circuit, with the constants as given in figure 1, may 
be relied upon with an error not over one per cent for 
oscillations of the rotor up to 4.5 cycles per second. This 
is a frequency of rotor swing much higher than normally 
would be found for either large or small machines, 

The oscillograms of figure 3 illustrate the application 
of the device just described, and show the angular oscilla- 
tions of a synchronous motor as load is thrown on and 
off. The pilot alternator had an adjustable stator, thus 
allowing ready phase adjustment between the 2 machines, 
although a phase shifting transformer or a wound rotor 
induction motor with rotor blocked may be employed. 
Angle calibration may be obtained with’ a stroboscope, 
from a vector diagram for the difference voltages, from a 
calibrated phase shifting device, or perhaps by calcula- 
tion from the power-angle relation for the motor. 
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Current and Voltage Loci in 3-Phase Circuits 


Part Ill: 


MEMBER AIEE 


itroduction 


IT HAS been shown that the method of circular loci may 
be conveniently applied to obtain the variation of cur- 
rents and voltages when self-impedances are changed in 
rious types of circuits operated at constant frequency. 
ut I? dealt with this problem in a Y-Y connection and 
rt II?in a A-A connection. In both of these papers 
trent equations were given involving all the imped- 
ices and voltages of the most general types of Y-Y and 
-A circuits and required only the substitution of nu- 
erical values to obtain the locus of any current or volt- 
e existing in the system. The same treatment will now 
- applied to the A-Y connection. 


he A-Y Circuit 


In figure 1 is shown the general A-Y circuit. Internal 
Itages of like frequency are assumed to exist in both 
urce and load phases and to have any magnitude and 
ase angle. Self impedances are considered in the inter- 
nnecting lines as well as in the source and in the load. 
yr the sake of generality mutual impedances are assumed 
the source and load and also between the lines. There 
e no restrictions on the values of any of the self- and 
utual-impedance elements other than they be linear and 
lateral. 

Equations will be set up for the 6 phase currents which in 
is case also include the 3 line currents. The voltages in 
e system will be obtained by adding internal voltages to 
propriate impedance drops. 

Adding the potential differences about meshes a102bq, 
03cb, and c301lac, and summing up the currents about 
nctions, 0, a, and J, the requisite equations are: 


1, + ThA, + TzA3 + IZ aa ae TnZ an ar IZac = Ky (1) 
3, + 1,B, + 1;Bz3 + IiZva af TyZ vp cig IZ v¢ = Ke (2) 
A+ InC2 + IgCs + TgZLea + IZ cy + TZ ce = Ky (3) 
++i; = 0 (4) 
Bein Ie =0 (5) 
Pie +1, 0 (6) 
which 


— Jp 1 Lor ar Z12 == Zu 
= ZL, — Zs3 + Zo3 — Zaz 
= Zi, — Zy + Za — Zs 


(7) 
= Zig — Zip + Za — Za 


—_ Lies = Lys = Zi3 = Z12 
= Zig aaa Vhs, + Zar ra 23 


= En Sr Ev =F Ea 
= Eon = Eos at: Eve 
= Ey, — En + Ene 
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A-Y Connection 


By A. C. SELETZKY 


K. F. SIBILA 


ENROLLED STUDENT AIEE 


By Cramers’ rule the currents may be expressed as 


Al AI. 
aa 3 Ae =o 
Al AI. 
i= h=— (8) 
A A 
AI AI 
I, =— I, =— 
A A j 


Here A is the general determinant or the common de- 
nominator and AJ,, AJ,, etc., are the specific determi- 
nants obtained from the general determinant by replacing 
the coefficients of the current desired by the column of K’s. 

The expansions of the common denominator and the 
numerators follow below. It should be noted that al- 
though the mutual elements are bilateral, i.e., Z2.3 = Zz, 
both sequences of subscripts are used in order to display 
the cyclicity of terms. 


A = (Zea + Zan'+ Zac) {— (B2Cs — BsC2) + (BiCs; — BsC,) — 

(BiC2 — BoCi)} + 

(Zon + Zoe + Zoa) {(A2C3 — AsC2) — (AiCs — AsCi) + 
(AiC, — A2Ci)} + 

(Zee + Zea + Zeo){ — (A2Bs — AsBz) + (A:Bs — AsBi) — 
(A,B, — A2B,)} + 

(ZaaZon ra Zan?) (Cs Fa Ci) + 

(ZovZec = Zoe?) (Ai r A, = Zaa) a= 

(ZecZaa ea Z ca”) (Bz Ta Bs) Se 

(ZarZe — ZonZea)(As — Ar + Cy — C2 — Zac) + 

(ZocZca ee ZecLav) (Az = A; =F B, ae B aa Zab) =e 

(ZcaZab is ZaaZ bce) (Bs < By aP Cy = Cs) (9) 


AT, = (Zaa + Zan + Zac) {K2(Cs — C2) — K3(Bs — Bz)} + 
(Zon + Zoe + Za) {| Ks(A3 — A2) — Ki(C3 — Cr)} + 
(Zee + Zea + Ze) {Ki(Bs — Bs) — Kx(As — A2)} + 
Ky (ZirZee ae Z 00?) s K3(ZaaZoo we Zab) ae (Ks > 
Ki) (ZavZae — ZovZea) + 


Ka{ (ZacZeo a, ZccLZad) = (ZacZav = Zuahe (10) 
Al, = (Zaa + Zan + Zac){Ka(Bs — Bi) — Kx(Cy — G)} + 

(Zon + Ze + Za){Ki(Cs — Cr) — Ks(As — A} + 

(Zee + Zea + Zev){K2(As — Ar) — Ki(Bs — Bi} + 

Ke (ZaaZ ce = Zca*) ee Ki(Z»Z cc = Zc?) ae 

(Ki eat K2)(ZacZep ay ZecLabd) aia 

Ks{ (ZavZac ry ZaaZve) a (ZavZ ve ia ZvvZac) } (11) 


AIs = (Zaa + Zan + Zac){K2(C2 — Cr) — Ks(B2 — Bi)} + 
(Zyp + Zoe + Zya){Ks(A2 — Ar) — Ki(G2 — G)} + 
(Zee + Zea + Ze) {Ki(B2 — Bi) — K2(A2 — Ax)} + 
Ks (ZaaZov ae Z ad?) a K2(ZaaZec a Zac) a (Ka ca Ks) x 
(ZoaZac a ZaaZbe) ae 
Ki{ (ZoaZen — ZyvZ ca) a (ZcaZve 


es Zeclva) (12) 
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General circuit Y-A connection 


Fig. 1. 


AIg = Kil — (ZoZeo — Zer*) + Zec(B2 — Bs) + 
Zye(Cs' — Co + By — Bs) + Zy(Cs — G) — 
(BoC; — BsC2) + (BiCs — BsC,) — (BiC, — BeC,)} + 
Ki{— (ZeZac — ZecZra), + ZeclAs — Ar) + 
Ze(As — Ar) + Zan(Ci — Cs) + Zac(C2 — Cs) + 
(AsCs — AsC2) — (AiCs — AsCi) + (AiC2 — 42G)} + 
Ks{ — (ZoaZen — ZovZac) + Zo(Ar — As) + 
Zav(Bs — Bi) + Zac(Bs — Bz) + Zyc(Az2 — As) — 
(ABs mee A3By) =F (A,B; — A;Bi) Sag (A; Be wa A2B;)} 


Aly = Ky { a (ZcaZve Ti ZccLhab) ia Zec( Bs =, B;) ar 
ZoalGi — Cs) + Zea(Bs — Bi) + Zoe(Ci — C2) — 
(B.C; — B3C2) + (BiC; — B3C,) — (Bic, — B.C) } + 
Ka ae (ZaaZce a Zac’) ar Zaa(Cs = Ci) 4p 
Leg Ane Ag FP .Ce = C)) HZ (Ar = Aa) 
(A2C; — AsC2) — (AiC; 4 AsCj) + (AiC, = A2C,)} + 
Ks| my (ZraZac =; ZaaZde) + Zaa(Bi a B3) AP 


(13) 


Zya(As ond A) ae Zac(Bi a Bz) ate Zyc(A2 = Aj) = 

(A2B; — A3B2) + (A1B; — AsBi)— (A1B2 — A2By)} (14) 
AI, = Ki{ — (ZraZen — ZovZea) + Z(onC2 — Ci) + 

Zva(C2 — Cs) + Zcq(Bs — Bz) + Zen(Bi — Bz) — 

(B2Cs — BsC2) + (BiCs — BsC:) — (BiC, — BoC:)} + 

K2{- (ZcaZad = ZaaZc) AF Zaa(Cs ~ C2) ar 

Zea(Az — As) + Zay(Ci — Cr) + Zep(A2 — Ar) + 

(A2Cs — AsC2) — (Ai C3 — AsCi) + (AiG, — A2C)} + 

K;{ vad (ZaaZov ao Lape) =P Zaa(Be as Bs) ar 

Zoa(As — Az + Bz — Bi) + Zy(Ai — Az) — 

(A2B; — AsBz) + (A,B; — A3B,) — (A,Bz — A2B,)} (15) 


The A-Y connection contains passive impedance ele- 
ments and sinusoidal electromotive forces of the same fre- 
quency only. This means that if any one self-impedance 
be varied all voltages and currents will follow circular loci 
according to the following theorem :* 

In a network consisting of any number of linear and bi- 
lateral self- and mutual-impedance elements connected in 
any manner with constant sinusoidal electromotive forces 
of like frequency connected in any arms, all currents and 
voltages existing in the system follow circular loci when 
any one self-impedance is varied along a straight line in 
the complex plane. 

If any numerator and the denominator of the phase cur- 
rents be expanded term by term it will be seen that self- 
impedances occur only to the first power. Then if any 
self-impedance be chosen as the variable, the terms of the 
denominator A, may be collected into 2 parts y the sum- 
mation of the terms free of the variable, and 6, the sum- 
mation of the terms containing the variable as a factor. 
The denominator may then be written as 


A= 7 + ép 
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in which p is the scalar variable ranging from zero to in- 
finity as the variable self-impedance varies from short cir- 
cuit to open circuit. 

In the same way, the numerator of any current, such as 
AI, may be divided into 2 sets of terms, the first a being 
the summation of terms free of the variable and the second, | 
6, being the summation of terms multiplied by the vari-. 
able. The numerator may then be expressed as | 


AIg = a+ Bp 
The current J, then becomes . 


a+ Bp 


I, = 
: y + dp 


which is the canonical form of a circular locus expressed as 
a linear fractional transformation. That is, the vector 
I, describes a circle as p varies from minus to plus infinity. 

The theorem also states that all voltages follow circular 
loci when any one self-impedance is varied. That this is 
true may be readily shown by mere inspection of any cur- 
rent equation. The numerator of any current equation is 
free of all impedance elements through which the current 
flows. Therefore the product of any current and imped- 
ance to obtain a potential difference between 2 points will 
remain linear with respect to all self-impedances. 

To illustrate this condition, the voltage Vo, across _ 
phase 1 of the load will be considered. This voltage is 


Voi = Eu + Zu = TZ 2 ar I3Z3 


AX Eun + AZu + AZ 2 + ATsZis 
A 


The numerator may be separated into a constant portion 
a’, which is free of the variable and a group of remaining 
terms 8’, having p as a factor. 

Then 


a’ + B'p 


Vi => 
i‘ 7 + dp 


Thus the voltage Vo; follows a circular locus. 

The equations are not linear with respect to mutual im- 
pedances and on this account the variation of self-imped- 
ances must not change any of the mutual elements in the 
circuit. The 3-point method is used to determine the loci, 
that is, evaluation of the desired quantity at the 2 invari- 
ant points, p = 0 and p =», and some third convenient 
value of p. Only the current equations are used in analyti- 


Fig. 2. Circuit for example 
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il form and once these are reduced to numerical form as 
near fractional transformations, all voltage loci may be 
ymputed directly therefrom by operating on the currents 
ith impedances. Inasmuch as the denominator of all 
rent and voltage expressions is common, it follows that 
1 summations 
‘currents and 
oltages remain 
| the form of 
near fraction- 
| transforma- 
ons. ‘Hence 
ie loci of all 
ymmetrical 
ymponents are 
so circular. 
It is not an- 
cipated that a 
ractical prob- 
1m will involve 
$s many unbal- 
nced elements 
s have been 
eated in this 
reuit. How- 
ver problems 
rise in which 
ny one section 
f the circuit 
ay be heavily unbalanced, as for example, single-phase 
ads. Substitution of such conditions into the equations 
mplifies them considerably, especially when mutual ele- 
ents are absent. 


Fig. 3. Locus 
of |, ORIGIN 


[umerical Example 


The circuit drawn in figure 2 will show the application 
f this method to an actual problem. The source phases 
re assumed to be balanced with respect to both internal 
oltages and impedances. No mutual impedances are 
resent in the source phases. The connecting lines have 
jual resistances but unequal reactances. The load is 
atirely resistive, 2 arms being equal and the third will be 
ynsidered as the variable self-impedance. The loci of the 
wrent in the variable load phase Zy and the voltage 
sross it will be determined as the variable Ry varies from 
iort circuit to open circuit. The constants of the circuit 
re as follows: 


1a = Zo = Zee = (0.404 + 72.02)10-* ohms 
(0.08 + 71.131)10~% ohms 
33 = (0.08 + j0.98)10~% ohms 
1 = (0.08 + 70.754)10~* ohms 
-s = (j0.452)10-* ohms 
(j0.415)10~* ohms 

- (j0.528)10~* ohms 

rie Ry + j0 ohms 

2 = (5.88)10—% ohms 


Za (5.88)10-8 ohms 
Zav = Zoe = Zea = 0 

Zi = 223 = 231 = 0 ohms 
Ex = Ex = Ex3 = 0 volts 
Eq = 230 20° volts 

Ex, = 230 Z —120° volts 
Eq = 230 2120° volts 


= 
ll 


Substituting in equations (7) the group constants are: 
.= (—0.08 — 70.679)10-? — Ru As = (0 — 70.113)10-3 
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Fig. 4. Locus of Vo: 


By, = (—5.96 — j0.565)10~8 
Cs; = (—5.96 — j0.226)10-3 


B, = (0 + j0.076)10-* 
C, = (0 + j0.037)10-* 


Az = (5.96 + j0.528)10-3 K, = 230 + jo 
B; = (5.96 + j0.339)10-3 K, = —115 — 7199.2 
C, = (0.08 + 70.603)10- Ks = —115 + 199.2 


From equation (9) the denominator becomes 
A = (0.134 — 7j0.252)10-§ + Ry (—1.14 — 776.6)10-% 
From equation (10) the numerator of J; is 

Al, = (8000 + 713300)10-# 


The current J, written as a linear fractional transforma- 
tion is then 


8000 + 713300 


L = i — 
* (0.134 — 70.252) + Ry(—1.14 — 776.6) 


Determining the invariant points and using Ri = 0.001 
ohm for the third point the corresponding currents are: 


Ry, ohms J, amperes 

0 54400 2121.0° 

0.001 44800 2126.9° 
co 0 


These 3 points determine the locus of J, which is drawn 
in figure 3. 
The voltage Vo, across phase 1 of the load is 


Ru(8000 + 713300) 


Vy = LZ), = — ee o-A>T—_ 
1018470. 252) Rae — e706) 


Evaluating Vo, at the same 3 points gives: 


Ry ohms Vor volts 

0 0 

0.001 44.8 £126.9° 
© 205 2149.8° 


These points determine the locus of Vo: which is plotted 
in figure 4. 
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Intersheet Eddy-Current Loss in Laminated Cores 


By L. V. BEWLEY 


ASSOCIATE AIEE 


an alternating magnetomotive force is made up 

of a hysteresis loss and an eddy-current loss. 
In modern power transformers the eddy-current loss is 
approximately 4/, to 1/; of the total loss. 

In the calculation of the eddy-current loss it is usually 
tacitly assumed that the parasitic currents are confined 
to the individual laminations, and that there is no appre- 
ciable cross flow from sheet to sheet. Further, it is 
assumed for the purposes of calculation that the current 
flow in the individual laminations is everywhere parallel 
to the width of the laminations, and the end effects are 
ignored; and usually, also, the demagnetizing effect is 
not taken into account. 

While those assumptions have always appeared to be 
fully justified for engineering purposes; nevertheless, 
the validity of the assumption that the intersheet eddy- 
current losses are negligible is often questioned. For it 
is evident that as the width of the laminations is in- 
creased, the resistance across the packet decreases, 
whereas the 
flux increases; 
and it may 
very well be, 
therefore, 
that the in- 
tersheet loss 
is appreciable 
for large cores; 
particularly in 
those cases 
where the 
clamping 
pressure is 


Ce LOSS in laminated structures subjected to 


very high, 

because the 

resistance ra- 

pidly de- 

creases with Fig. 1. Cross section of rectangular core 
Lie. pres - 

sure. 


The investigation described herein was undertaken to 
determine the magnitude of the intersheet eddy-current 
loss, and incidentally to obtain a more rigorous formula 
for the eddy currents in rectangular sections that gives 
the actual distribution. While such refinements are 
found to be quite unnecessary as far as transformers are 
concerned, yet they may prove useful in other applica- 
tions, particularly in cases where the punchings are not 
enamel insulated and immersed in insulating oil. More- 
over, the results for the case where the ratio of conduc- 
tivities is equal to unity apply exactly to a solid rectangular 
block, and also indicate the true end-effect correction in 
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laminations even in the case of perfectly insulated punch- 
ings of finite thickness. 

The cross section of a rectangular core is shown in 
figure 1. Uniform conductivities \, and \, along and 
across the sheets are assumed. For definiteness, the 
core is considered as placed inside a long solenoid with 
NI ampere-turns per centimeter length, so that the field 
perpendicular to the core section is given by 


Hy =e NT (1) 


For the purposes of analysis, co-ordinates (x, y) are 
chosen with origin at the center of the core. The mathe-_ 
matical derivations are given in the appendix, and are 
briefly as follows: 


a. From Maxwell’s equations there are obtained the differential 
equations for the field intensity H, and the relationship between H 
and the electric intensity E. | 


b. The solution of the differential equation, subject to the boundary 
condition H = Hp around the periphery of the core is obtained. 
The process of solution is the conventional method of product 
solutions and sums of these that satisfy the boundary conditions 
(see, for example, chapter IV of Byerly’s ‘Fourier Series and Spheri- 
cal Harmonics’’). 3: 


c. The flux ¢ is readily found by integrating H. Using the usual 
representation of sinusoidal quantities by complex numbers, the 
flux ¢ is given by either of the formulas: 


@ _ tanh [(aa)/(2V7)} | 8 > i ay tanh(Byb/2) yy 
go (aa)/(20/7) a n? \ Bn (Bnb/2) 


Sci 
¢ 8 1 { tanh (a,a/2 tanh (8,,b/2 ; 
Per ee n (ana /2) (Bnb/2) 
Wine 
where 
go = flux corresponding to the maximum (crest value) of Ho or the 
applied current J 

n2 2 al 2 ee 

Gn? = | at + i, eet, By? = ot BS 
b? r a? 

a® = jwdrdr,u10~° 
® = 2nf 
Ax = conductivity along laminations 
Ay = conductivity across laminations 
r = 2,/dAy = ratio of conductivities 
4 = permeability of the iron (assumed constant) 


a,b = core dimensions 


d. The induced electromotive force in the winding is given by 
E = — jwN¢1078 (4) 


where N is the number of terms, 


The loss W may be found from the real part of £, which 
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in phase with the exciting current, and turns out to be 
ven by 


9 w go Ho 
8 X 107 


which 


[— It (¢/¢0)] watts per centimeter (5) 


= the maximum (crest value) of the current and I(x + jy) = y = 
imaginary part of the complex number (x + jy) 


For large values of r (> 1,000) the formula (2) may be 
placed by its first term: 


~ tanh [(aa)/(2V7)] 
~ (aa) /(2/7) 


his identical result is obtained if the currents are assumed 
flow straight across the laminations and the end effects 
e neglected. 

For small values of [(aa)/(2r)], (5) may be replaced 
, 


(6) 


=e 2 (ae) s ir watts per centimeter (7) 


his latter expression is also obtained if the currents are 
sumed to flow across the laminations and their de- 
agnetizing effect be neglected. 

The calculation of the losses by (5) or (6) is seen to 
nge on the evaluation of complex functions of the form 


nh (p + jg) 
(p + ja) 

n account of the great differences between the con- 
ictivities \, and \, (their ratio may be as great as 107:1), 
eat care must be taken in evaluating these functions 
order to secure sufficient accuracy. Methods are given 
the appendix. 

Direct calculations of the losses by integration through- 
it the core section is possible, but proves to be quite 
volved. The application of Poynting’s vector, how- 
rer, leads to the same result for the losses with only 
ightly more labor than the total flux method. 


=U+jV 


.\ppendix 


Maxwell’s equations in centimeter-gram-second practical units are 


< H = 0.401 (8) 
oB 
XE = neo (9) 


1ere H is the magnetic field, E the dielectric field (volts per centi- 
eter), 2 the current density vector, and B the flux density. Re- 
ace B by uH, and assume the time ¢ to enter as a factor 4% (but 
1it this factor in subsequent equations). Then supposing the 
ly nonvanishing component of the magnetic field to be H, the com- 
ment along the solenoid axis, while the induced field and current 
mponents are perpendicular to the z axis; and finally that the 
ld aspect is independent of z, there follows from (8) and (9) 


= —0Ariy (10) 


af fo) 
a) At 
0.4rtz, a 


ty _ Es (11) 


e subscript in H, having been omitted since this is the only com- 
nent present and there can be no confusion. Since the conduc- 
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tivities \, and dy, are different in the 2 orthogonal directions, there 
is (neglecting the displacement currents) 


ry = Nal, y = AyLy (12) 
Eliminating iz, 7,, Ez, Ey there is by (10), (11), and (12) 
Az, 0? O° 
— —— 4+ —— = jwdrd 10 H 13 
hy Ox? ar oy? JOLT Ngo (13) 
or putting r = Az/Ay and a? = jw4rd u10~° 

OH 02H 

=e wae SHE! 13a 
é Ox? oy? ty Si 


It is of interest to point out that the relations of the form (12) 
exist in crystalline media which are homogeneous but not isotropic, 
though in the general case the 3 current components are expressible 
linearly in each of the field components by means of 9 conductivity 
constants, and similarly for the relation between the magnetic field 
and flux components. 

Returning to the differential equation 13a, which is the differential 
equation of the problem, a solution H is sought which takes on the 
boundary conditions 


H = Hoalong x = + a/2andy = = 5/2 (14) 


where HA) is given by (1). 


To satisfy the boundary conditions (14) we may try to satisfy 
them first along 2 opposite sides of the rectangular boundary. A 
solution of (13a) independent of y and which satisfies the boundary 


condition (14) along x = +a/2 is 
cosh a’x a 
H, = Hy) ———_, a = — 15 
: ° cosh a’a/2’ © Vr ey 


Writing the complete solution 


H=H,+ (16) 
it remains to find H2 such that 
Hy = Oalong x = +a/2 (17) 
H, + HM = Halong y = +b/2 (18) 
Product solutions of (13a) of the form 
cos oe cosh Bny, Bn? = a? + “— 
for nm = 1,38,...satisfy (17). To satisfy (18), or more explicitly 
= Hy (: — ssosh a aa ag ) aton you + az (18a) 
cosh a/a/2 2 
an infinite series of the product solutions will be used: 
H, = Hy we cos a cosh Bny (19) 
epee 
To satisfy (18a) the constants C, must be chosen so that 
nD nrx cosh a’x 
» cosh 603 a 1— coele ye = f(x) (20) 


By Fourier’s theorem, an arbitrary even function f(x) in the interval 
(—a/2, a/2) can be expanded in a series 
nex 
“Aj, Ccos:— 
a 
Wee 


and the series converges to f(x) at x = +a/2 only if f(x) vanishes 
there—this is the case at present. Applying the familiar rule for 
the Fourier coefficients to (20), there follows: 


a/2 
cosh a’x nx 
Ga re — = — — s —d 21 
ae ale wn oe) co oun (21) 
—a/2 
345 


To evaluate this integral, write it in the from 


fires 


where primes denote differentiations, and integrate by parts twice, 
obtaining 


f fe"dx = if frede + Lf’ — J's] = J sreex 


since at the end points both 

cosh a’x —a? 
= | 1 — ——— j/and g = —— cos — 
f ( cosh == | Bmatat a 


vanish in the present case. Also f” = (a’)%(f — 1) while g = 


—(a?/n?r?) g”, hence 


Aas 
f fe"dx = — ae af fg"dx — a”? f eax 


or 
ee 
u" d 
tg"dx 1 + a’a2/n%? fe x 


Carrying out the latter integration, solving for C, and substituting 
in (19), (16) there follows: 
cosh Bray NX 


TH See coshia a 4 4 sin nr/2/ a \? 
SS E=_— — SE = ee a  (H 
Hy cosh e’a/2 x i n BnJ cosh By,b/2 


1,3,... 


From this, (2) is derived by integration. 
Another form for H is offered by 


H 4 sin m7/2( cosh apnx nry 
SS n cos + 
Hor n cosh ay, a/2 b 


I Ssece 


cosh Bny 
cosh By,b/2 


n 
cos a (23) 
a 


This is obtained by breaking up H into 2 parts, of which one satis- 
fies the boundary conditions (14) along «x = +a/2 and vanishes 
along y = +)/2, while the other one satisfies (14) along y = +b/2 
and vanishes along x = +a/2, and then solving for each one by 
means of an infinite series of product solutions and Fourier’s theorem. 
From (23) the flux (3) follows by integration. 

As compared with (22), the form (23), while more symmetric, 
involves 2 infinite series and has poorer convergence. This is due 
to the fact that the former Fourier expansion was for a function 
that vanished at the end points, while such is not the case for the 
expansions in (23). 

From (2), (3), (5) it is seen that the calculation of the losses 
hinges on the functions of the form 


tanh (p + jq) 
(p + j@) 


But it is only the imaginary component, V, of this function which 
contributes to the loss. In the laminated core problem, it so 
happens, on account of the great differences in conductivity along 
and perpendicular to the laminations, that either p is very large, 
or else p and g are small and very nearly alike. For these 2 cases 
we have: 


le Me (24) 


CasE I 


Suppose p is very large (say of the order of 100). Then 


tanh (p + jg) tanh p +jtang 1 


U [= : = 3 A 
i (b + ja) 1 + j tanh p tang p + jg 


1 Pp q ae! 


= pig) pag pee 


(25) 
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CasE II ; 
Suppose both # and g small compared to unity. Then 

: tanh (p + jg) 1 2 

U+ jv = ee 1-5 e+ iat t+ 
p+ ja 3 

2 Po ge 2 

_— i¢git....2{41- —j- 

Tr (Peg) ( 3 ) Ue (26) 
APPROXIMATIONS 


In the differential equation (13a) the ratio \,/Ay may be of the 
order of 10? and the term 0?H/dy* may then be dropped, so that 
(18a) becomes 


CH a? 


—— = = 27 2 
Wr : Henn (27) 
subject to the boundary condition H = Hy at x = +a/2. The 
solution therefore is 
cosh a!x 

H = Hy) ——— 28) 

° cosh a’a/2 (2 
which is the first term of (22). The flux becomes : 

tanh a’a/2 

2 = tanh e/a /2 (29) 


be 7: a’a/2 
which will be recognized as (6). As pointed out above, this is also 
obtained from (2) due to the smallness of the series. The losses are 
given by 


woHo tanh a’a/2 
ge ae a'a/2 | 


(30) 


If the demagnetizing effect of the eddy currents is negligible, 
on the right-hand side of (27) put 


oH 


Ox? see (31) 
the solution to which is 
AH Arpwry [ a? x 
= Slat as oat sea ees ) 
Ho | 10 (¢ 2 ) Ge 
The flux is 
i) . THWAya? 
at al 
$o ( a “) (a 
and the losses become 
Ay woo 3 a ; 
Roy (=) b Ce 


This approximation is the exact equivalent of assuming the eddy 
current to flow straight across the laminations parallel to the Y axis, 
and neglecting the demagnetizing effect. Thus on these assump- 
tions, the flux included between —x and +x is 


& = 2 buHox (35) 
which induces the voltage 
Ld , 2w Ib 
e=-j 108 pHobx (36) 
The resistance of the elementary path is 
2b 
Ay dx (sm 
and the losses therefore are (€rms = e/+/2) 
Xye2 Ay [wabuHo \? a 
= GED Se | (aN 
2b Jo 24 108 b 
Ay Ww do 2 a 
24 ( 2) b (38 


ELECTRICAL ENGINEERING 


Some Series Formulas for Mutual Inductance of Solenoids 


By H. B. DWIGHT 


FELLOW AIEE 


coaxial solenoids have been derived by Nagaoka, 

Terezawa, and Olshausen. These all give the 
atual inductance as a combination of 4 integrals—2 
sitive and 2 negative—each of which is a function of 
e of the 4 distances measured between an end of one 
lenoid and an end of the other. The expressions for 
ese terms involve elliptic integrals of all 3 kinds, and 
merical computations of their values are exacting. 
Fortunately, it is possible to use in place of the absolute 
‘mulas series expansions of them involving ratios of 
e dimensions of the coils. However, on account of the 
mber of parameters involved, no single series ex- 
nsion will suffice for all possible pairs of coils. 
The present paper has for its object the derivation of 
w series formulas suitable for cases not previously 
vered. A survey is also made of the whole field. 
The new formulas here developed are derived from 
rtain basic formulas included in the Bureau of Stand- 
ds collection of inductance formulas.? For the con- 
nience of the reader, there have been here reproduced 
ym that collection, in an appendix, those expressions 
which reference will be made. The formula numbers 
the original are retained in the appendix with the 
ter A added, in order to avoid confusion with the 
‘mula numbers of the present paper. 
Formulas for the mutual inductance of solenoids are 
ually obtained by integrating expressions for the mutual 
juctance of circles. For circles comparatively near 
yether, a very useful formula (16)A has been given by 
H. Havelock,! which has been extended by E. B. Rosa 
d F. W. Grover.” As the latter authors say in com- 
ring it with their equation (14)A, which is an extension 
a formula given by Clerk Maxwell, equation (16)A re- 
ires only half as many terms to be calculated for a 
ren degree of convergence. Another fundamental 
mula (56)A for mutual inductance of a solenoid and 
oaxial circle was given by Rosa, Scientific Paper 169, 
pe OT. 
In this paper, the formulas (16)A and (56)A, men- 
ned above, will be used to derive some formulas for 
enoids, and their ranges of application will be inves- 
ated by means of numerical examples. 
The mutual inductance of 2 coaxial but unequal 


A oes formulas for the mutual inductance of 
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solenoids which are not far apart, can be obtained by 
twice integrating the equation (16)A, first over the length 
of one solenoid and second over the length of the other. 


See figure 1. 


M . 
— = Fim) — F(e2) — F(zs) + F(2s) abhenries 


MN» 


The result is as follows: 


(1) 


where , and v2 are the turns per centimeter of the coils, 
respectively, and where 


x = 5s +m + mM 


xX = 


s+ m — m2 
=s— Mm + M 


SSS a SSD 


(2) 
(3) 
(4) 
(S) 


x2 + ¢? 
gn tel 


C2 


SiGe Ce af SOMEGS i 
8 Dd 64 Dd? 1024 D#d3 


By iby Ge ieee é& fi 
4 Dd 64 D*d? 256 D3d3 


| 


ee Eee 
8 Dd 64 D?d? 


x8 
1 
64D?d4 
4cx ites ie C2 ct Be ce 
—< tan! — _ — 
d? G 2Dd 8D?d? 16D3d3 
Ome 1 ee A S20 mG: 4 
8 Dd 16 Dd? 3072 Dd? 
x4 SGa 695 c4 
1+ — 
16Dd? 2 Dd 384 Dd? 


149 c¢? . 
64 Dd ; (0) 


Ge f 5S x8 
4 Dd 1024 D8d5 


109 x8 
12288 Dds ~ 


x8 : 
48D2d4 


where logn denotes natural logarithm. 

If x is large, say greater than the radius a, or if c is 
comparatively large, say greater than a/2, the following 
expression for F(,,, obtained by integrating equations 
(56)A, may be used: 


r a2A atA 5 atA3 
Kou aus fF a eae et 
5 aA 35 a®A® = 7 ~a@8A —«'108 aA 
128 r7? | 256 79 256 ry 1024 rk 
189 aA5 21 a4 698 a8A5—- 231 AS 
1024 7 1024 rt * 2048 718" 1024 7'8 


eg: (-1+ 54 Fades ee 
2048 738 842 ' 6444 ' 1024 As 
35 «a8 147 aie 
16384 4°’ 128 x 1024 Aw t )| 7) 
where 
r? = x2 + 42 (8) 
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By grouping together terms of (7) of the same power of 
a, the following alternative form is obtained: 
a’ 


5 
C+ — 


fe 
1624 or 


as a’ 
= 2 — -- —- 
Fz) 2Qr aA Co +- 8r3 Cy 6475 


35 @! 147 au 
tessa v9 °° T 98 x 1024 rl 
“(14 ep a‘ 4 By TE 35 ae 
842 ' 6444 ' 1024 AS ' 16384 A8 
147 a 
128 X 1024 A1 


Gia 5 oo SP 


)| (0) 


A 


where 


a a (x? + A?) 


Co = 
A? A? 


C2 — —1 
5 A? 
Cy = 2(2 - 34.) 
27? 


ay Oe aa. C 
Cs -7(-2444 - 34!) 
( 


7? ips 
C we) 64 ie Oa gore 143 A® 
is 5\ 9 r? ee oe 7 
11 128 A2 A‘ As A8 
Cy = —| — — + 128 — — 416 — + 520 — — 221 — 
7 iil r? r4 76 7 


Equations (7) and (9) are equivalent to (6) in all 
respects and they give the same numerical result as (6) 
for any case to which both the formulas can be properly 
applied. The criterion as to whether a series is applicable 
is that the last terms used shall be negligibly small. In 
other words, the series shall be practically convergent in 
the number of terms which are used. 

Equation (6) is given in terms of diameters and (7) and 
(9) in terms of radii so that the numerical coefficients in 
each series will be as small as possible. 

It is to be noted that the 4 values of Fy) in (1) need 
not necessarily be computed all by (6) or all by (7) or by 
(9), but some can be computed by one expression and 
some by another. This may be necessary in some cases, 
for x; may be so large that (6) cannot be used, and for the 
same pair of coils x, may be so small that only (6) can be 
employed. 

There is an advantage in using (7) or (9) for all 4 
cases of (1), namely, that then the round bracket of (7) 
or (9) need not be computed, for it is like a constant of 
integration and would cancel out when the 2 positive and 
2 negative values were added. 

The round bracket of (7) and (9) was put in for the 
purpose of making (7) and (9) equivalent to (6). All 
these expressions have the same physical interpretation— 
they are !/, the mutual inductance of 2 equal and concen- 
tric coils of length x and with one turn per centimeter. 
See equation (11). Thus, (9) is the same, term for term, 
as the well known mutual-inductance formula (36)A, 
(Scientific Paper 169, page 53), multiplied by '/,, A 
considerable number of additional terms of (7) and (9) 
can be written down by inspection, from this corresponding 
formula (36)A. The terms of (7), (9), and (21) are the 
same as those in the paper “‘Mechanical Forces in Trans- 
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formers,” by J. E. Clem, AIEE TRANSACTIONS, volume 46, 
1927, page 577. The general term of the round bracket 
of (7) and (9) is given in the paper by T. H. Havelock, 
reference 1, and on page 56 of Scientific Paper 169. (See 
appendix also.) 7 

Where a is considerably smaller than A, the grouping 
in (9) according to powers of a is convenient, but if x 
and therefore 7 are relatively large, the grouping according 
powers of 7, as in (7) and (22), is convenient. That is, 
in general, (7) is for long coils and (9) for short coils, 
though not as short as those for which (6) is used. How- 
ever, there is very little difference between (7) and (9) 
for they contain the same terms and the terms which are 
not negligible must be computed while those that are 
negligible will be omitted. . 

When the 2 coils are concentric as well as coaxial, s = 
0. It is to be noted that only even powers of x are in- 
volved in (6), (7), and (9), and so 


Fi) = Fez) 


Therefore, for concentric coils of unequal length, 


M 
ai 2F (m+m2) — 2F (m1—m2) 
NyN2 


(10) 


Equation (10), using (6), (7), or (9) as convenient, is 
thus equivalent to Rditi’s formula, equation (39)A, or 
Searle and Airey’s formula extended, equation (43)A. 

A further simplification results when the 2 concentric 
coils are of equal length, in which case only one expression 
is required. 


M 

eee a 2F (2m) (11) 
For (6), (7), and (9), 

Fo) = 0 (12) 


The round bracket of (7) and (9) was inserted to make 
this so. As previously mentioned, equation (11), using 
(7) or (9) is the same as equation (36)A. It is equivalent 
to equation (88) of Scientific Paper 169 or other for- 
mulas which are given for this type of problem. 

Each dimension of the cross section of a coil should be 
taken to be the number of wires in a row along that dimen- 
sion, multiplied by the center-to-center distance between 
adjacent wires. 

If the 2 concentric coils of equal length are shorter than 
approximately the radius of the inner one, and if ¢ is 
less than 1/, the radius, equation (6) used with (11) is 
appropriate to use. It is a mutual-inductance formula 
which it is believed has not previously been published. 
It is very similar to equation (1) of the paper ‘Mutual 
Inductance of Short Concentric Solenoids,” by H. B. 
Dwight and P. W. Sayles, Journal of Mathematics and 
Physics, volume 9, 1930, page 162. It is several terms 
shorter, for the same rapidity of convergence. Equation 
(6) of this paper contains only even powers of c in the series 
but equation (1) of the paper referred to contains both odd 
and even powers of c, which increases the number of terms 
in the formula without any advantage. 

A similar shortening of a formula by using (16)A in- 
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Two co- 
solenoids 


Fig. 1. 
axial 


2Mo2 


cad of (14)A, may be made in the case of equation 
5)A, for the mutual inductance of 2 circles in the same 
ane. By putting « = 0 in (16)A, there results 


an 2 4 
n trVFe| joni Ae lf, Sec = 15 i + 
c 


16 Aa 1024 Aa? 
35 8 1575 8 ee ce i 
128? Ata? =2 & 1283 Ata4 16Aa 
Slay cs 247 c 7795 oc 
A? su Facaeio'2s|, (13) 
2048 A%a2 6 X 128? A3a3 8 X 1283 A‘a4 


his contains only even powers of c in the series, and so can 
- said to have !/, as many terms as equation (15)A. 
Another simplification of the problem of mutual in- 
ictance occurs when the 2 coils are not concentric but 
uve equal radii. This means that c = 0 and A = a. 
ormula (6) then becomes !/, times a self-inductance 
rmula, namely, (71)A (page 117, Scientific Paper 
99). Formulas (7) and (9) similarly become 1/2 
mes the self-inductance formula (11) published in the 
IEE TRANSACTIONS, volume 38, 1919, page 1688. Equa- 
on (1) of this paper becomes the same as equation (51)A. 
Then 2 coils have equal radii, their mutual inductance 
nn be calculated by the above-mentioned equation 
1)A, using well-known self-inductance formulas, and 
yrrections can be added for the thickness of the winding 
id for the shape and spacing of the conductors. See 
rientific Paper 169, pages 140-41. 

Equation (51)A can be used also for 2 concentric coils 
equal length and of appreciable thickness of winding. 

It is seen from equations (1) to (5) that if in the dimen- 
ons of the lengths, 2m, and 2m, are interchanged, the 
utual inductance and also the force (see equation 20), 
‘e not changed. This can be called the principle of 
terchange of lengths. It has been pointed out previously 
x the mutual inductance of concentric solenoids. (See 
cientific Paper 169, page 68.) Since it applies to each 
in cylindrical element of thick solenoids or coils, it 
oplies to the entire coils. 

An inspection of the formulas* shows that the principle 
interchange of lengths applies also to mutual inductance 
ad force of unequal coils with parallel axes. 

This principle applies, of course, to the case of a solenoid 
id coaxial circle also. That is, the mutual inductance 
' a solenoid, of length 2m and a radius A, and a circle 
' radius a in its end plane, is the same as the mutual 
iductance of a solenoid of the same length 2m but of 


3**The Force Between Unequal Reactance Coils Having Parallel Axes,’’ by 
B. Dwight and R. W. Purssell, General Electric Review, volume 33, July 
30, page 401, formulas (1), (2), and (3). 
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radius a, and a coaxial circle of radius A in its end plane. 

Equation (51)A is derived from the knowledge of the 
properties of mutual and self inductance of coils. A 
corresponding relationship of mutual inductances for 
equation (1) of this paper is of interest since it makes 
clear the physical meaning of the formula. It requires 
the use of the principle of interchange of lengths, which 
is dependent on (1), and so it is not to be taken as a proof 
Oneub)s 

Suppose that in addition to the 2 thin solenoids of 
figure 1, there are 4 others as in figure 2, the turns per 
centimeter being the same for all coils of a given radius. 
Since these touch each other end to end, they form longer 
solenoids. For instance, the 3 solenoids P, Q, and R form 
one long solenoid which can be called P + Q + R. 


M p+qtr)(ptqtr) = Mpp + Mpg + Mp, + Map + Mag + Mart 

Mrp aP Mrq se Mr, 
Using the principle of interchange of lengths, by which 
Mg, = M,, etc., this becomes 


Mpp + Mogg + Marr + 2Mpq + 2M, + 2Mpp 
Similarly, 

M(p+9)(p+a) = Mpp + Mog + 2Mpq 

and 

M(q+r)(gt+r) = Mag + Marr + 2M er 


Solving these equations simultaneously in such a way 
as to leave only pairs of coils which are concentric and 
of equal length on the right-hand side of the equation, 


2Mpryp = M(protr)(ptatr) — M(p+e)(pt+a) — 


Mia + ea +7) + Mag (14) 


The lengths of the concentric coils are evidently x, 
No Xs) allGu vs. 

In a similar way, equation (10) can be treated. 

In the general formula (10) for concentric solenoids the 
mutual inductance is given by the difference of 2 series. 
In the formula of Searle and Airey (formula (43)A) a 
single series of terms suffices for its calculation. Searle 
and Airey’s formula may be derived from (10) and (7) 
by expanding the 2 values of r in powers of the ratios of 
the solenoid lengths to the diagonal drawn from the 
center to the end of the longer solenoid and combining 
terms. 

This formula does not converge well when the solenoids 
are of nearly equal radii and their lengths are small, 
compared with their radii. In such cases formula (6) 
must be used in connection with (10). 

On the other hand, when the lengths of the coils are 
large, compared with their radii, the coefficients X,, and 
LI.» may become very large, rendering the use of this 


epccL ieee ce, Oe eR ee ee, 
eee a 0 o> on aon on { Seeienetinetcetieedieetieetietietied 
p : q H & 
1 AXIS 
1 

1 | 

. ° 1 ' 
Fig. 2. Coaxial ee Lake Fa 
Solenoids. ee NY epee amy, ede ARO SS 2? 
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formula uncertain and unsatisfactory (see pages 63 and 
222 of Scientific Paper 169). 

The following formula (17) is presented as an alterna- 
tive to (43)A. Its coefficients \, and &, are always less 
than unity and so it is possible to tell by inspection from 
the value of 6/p how rapid is the convergence of the series 
(17), which is a power series in 6/p. The change lowers 
the powers of some of the letters making up the terms. 
By putting 


62 = a? + m,? (15) 
and 
p? = A? + m,? (16) 


we can replace 
m,* by 5° — a? and m,” by p” — A? in (48)A 
giving for the concentric coils, 


2772a?N, Ne | 1 
p 


A2§2 6? 
a fc a ae OND ap 
2p p 


64 66 
x ef + 78 INE} Po 0 (17) 


where Nj, and NV, are the turns per coil of the 2 coils, 
respectively, and where 


Seren i we es 
oy yper oe aa AE 
" i 9a 33 a‘ ae 9 Ms ax 33 4 
Oe 2.6 8 54 ee 2p 8 p4 
33 a? 143 a4 715 a 
Sh Ss A 
Zig) (Be 64 8 
“ 1 — 1g 7 4 195 at _ 1105 at | 4199 oF 
Sty: Gere ary 16 & | 128 8 
“ 75a? | 425a4 8075 a° | 33915 a* 52003 a 
Me I bk Bow pee Ose ser ay oe st 


The coefficients &, £, etc., are functions of A?/p? and can 
be written down by inspection from the similar expres- 
sions for Ag, Ag, etc. 

While formulas (17) and (43)A are given for the case 
of the mutual inductance of a short solenoid and a longer 
one outside, these formulas can be used for the case when 
the shorter solenoid is outside, by first applying the prin- 
ciple of interchange of lengths. 

Gray’s‘ formula (40)A expresses the mutual inductance 
of 2 coaxial solenoids, not concentric, as the difference of 
2 series of terms. It may be derived from the general 
formula (1) and (7) by expressing the 4 distances 7 in terms 
of the distances measured from the center of the coil of 
smaller radius to the ends of the winding of the other coil. 
In spite of its smaller number of terms, however, the con- 
vergence of Gray’s formula is not so good as that of (7), 
except for coils far apart. 

Since Gray’s formula contains the same coefficient as 
(43)A, it is subject to the same disadvantage that, for 

4 “Absolute Measurements in Electricity and Magnetism,”’ by Andrew Gray, 
edition of 1893, volume 2, part 1, page 274, equation 53, and Scientific Paper 


169 of the Bureau of Standards, by E. B. Rosa and F. W. Grover, page 59, 
equation 40 and 40a, 
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nee 


certain proportions of coils, the coefficients become large 
and it cannot be told by inspection how satisfactory is the. 
convergence of the series. By making the same type of 
substitution as was used for obtaining (17), the following 
alternative form of Gray’s formula for 2 coils as in figure 
1, is obtained: 


Ar*a?n\n2m1G2 A%6? 6 \? ” 
= ——— —_ r = || 9N 
M Fi E 2d, o 4p ri ago Ht 
5 \4 
=~ N uw = 
dL Qa Sr 
4? annem A262 5 \? 
a — — <x —]} rake" 
Z. E od,4 2+ Ay ake” -F 
5 \4 
me WILY Gr oo 8 (18) 
51 
where 
CA SS ab 
@ =sSs+ mM 
dy? = A? + qn’ 
d.2 = A+ Qa” 
8 =a2?+ m2? 


where dg, Ay, etc., are the same as for (17), where &,’ is 
the same function of A/d; that X, is of a/6 and where &,” © 
is the same function of A/dz that X, is of a/6. The 
quantities m, and m2 are the numbers of turns per centi- 
meter of the 2 coils, respectively. 

Since the coefficients in (18) are less than unity, the 
rapidity of convergence of the series is evident at once 
from the values of 6/d; and 6/dz. The formula also has 
been simplified to some extent. 

If the 2 coils of figure 1 are concentric, s = 0, d; = de 
and (18) becomes the same as (17). 

The convergence of (18) may be improved by em- 
ploying the principle of interchange of lengths if, by so 
doing, a smaller value of 6 results. 

The convergence of Gray’s formula and the alternative 
form (18), like that of (7) and (9), improves as the dis- 
tance between the 2 solenoids is increased, but for loosely 
coupled coils this advantage is offset by the difficulty 
that the mutual inductance is obtained as the small 
difference of much larger terms. Thus each series has to 
be calculated to a much higher accuracy than that re- 
quired in the value of the mutual inductance. 

This difficulty may be avoided by the use of a new 
formula derived from (18). . 
Writing 


2 
a=qn ise 
qn? 


and expanding powers of d, and dz in (18) by the bi- 
nomial theorem, there results the expression 


27*a?2A 2N, Nos 262 
ee hy dete re 


, — i 


2 
and @ = ay are a 
q2” 


Mio 


917q2" qu? 2 
364 5 A? 5 A* 10 mz m,4\ s4 
gt NNT haga ares ea meme mat) 
2B (u - a4 A? 35 A oe) 
Auta Nena ee ace oy A 
4 6 6 
(:4 7% ieee | (19) 


ELECTRICAL ENGINEERING 


1 which NV, and Ne are the total numbers of turns on 
ae coils. 

This formula is simpler and more accurate the looser 
he coupling of the coils, that is, in just those cases where 
srmulas (1) and (7) require the greatest care. The 
coefficients of 6"/q;" are less than unity. 

Here also the principle of interchange of lengths should 
e employed so that 6 may have the smaller of the 2 
sngths which are possible. 

When the 2 coils are not concentric, a mechanical force 
; exerted by one on the other in the direction of the axis. 
sy a well-known proposition, this force is equal to 
to <= dynes 


yhere 7, and 7g are in abamperes. This can be written 


492[Q(my — Q(e2) — Qces) + Qces)] dynes (20) 


yhere x, to x4 are given by (2) to (5) and where 


Sa OX 


For small values of x, the derivative of (6) may be 
aken from the first step of the integration by which (6) 
yas obtained. This gives 


16Dd 


ie) = “vil | logn sere 


22 Gag | eee ae 35 c4 Oa, 
256 D3%d% 4Dd 8 Dd 64 Dd? 64 D*d? 


Ne Oa ire 
4 Da) * 256 Dede °°" 
c? cA Cc 
{1 + Spa ~ spe t ant + (- 
2 ead Lo pean (aie a a 
64 Dd? 768 Did? Dd \4Dd 768 D?d? 


(5 _ 4a) al x 
D*d* \64 256 Dd 768 D3d3 ” 


| (21) 


For larger values of x the following expression for Qi) 
nay be obtained by differentiating (7) with respect to 


oy = [1 4 BO _ 5 Oe, oe 
i) r 8 rt 16 rf ' 64 #8 
35 a®A® 315 atAé 63 a8A? | 1155 a°A® 
128 7 256 r? ss" «1024 2 
2079 a°A* | 231 aA? 9009 a°A* 3003 a!*AS 
1024 ri 1024 72 2048 r'* 1024 nw 
429 a2A? 
2048 A i | (22) 
yhere 
b= x2 + 4? 


It is easy to show that the mutual inductance m(x) 
f a solenoid of radius A, winding density 7, length x, 
nd a coaxial circle of radius a in its end plane is connected 
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with the function Q(x) by the relation m(x) = mQ(x). 
Thus equation (22), multiplied by m, gives an expression 
for the mutual inductance of a solenoid and coaxial 
circle which is equivalent to (56)A and may in fact be 
derived from the latter by putting x? = r? —A? and col- 
lecting like terms. This change is similar to that used 
in obtaining (17) and (18), and the formula thus derived 
has the advantage, already noted in these cases also, of 
avoiding the possibility of large values of the coil length 
in the numerators of the terms. In (22) A?/r? is always 
less than unity. 

Similarly, by multiplying equation (21) by m, a second 
formula for the mutual inductance of solenoid and coaxial 
circle is found, which is suitable for short coils, and those 
cases where the radii are nearly equal. This formula is 
believed to be new. The fact that (21) is unchanged, 
when d and D are interchanged, furnished a proof of the 
principle of interchange of lengths in the special cases of 
solenoid and circle also. 

The equations for m(x), derived from (21) and (22), 
are to be used twice, when the plane of the circle does not 
pass through the end of the solenoid. 

It is desired to make acknowledgment of preliminary 
investigations on this subject done in connection with 
thesis work by T. S. Chen at Massachusetts Institute of 
Technology. 

Example I. A mutual inductance problem where both 
(6) and (7) can be used to check each other. 


= 25, m, = 3,a = 20, m = 2,5 = 80 (centimeter units). 
“n= 35, x. = 29, x3 = 3l, x= OS 
F(x) by (6) = 10,0007+/12.80 [0.0614 + 2.6824 — 0.6290 — 
0.7549 + 0.0299 + 0.0058 — 0.0016] = 156700 
Fi) by (7) = 20,000 x? [1.7205 — 0.0157 + 0.0017 — 0.0007 — 
0.0002 + 0.0003 — 0.0001 — 0.0001) + 
(—1.0000 + 0.0800 + 0.0064 + 0.0013 + 0.0004) ] 
= 20,000 2? (1.7057 — 0.9119) 
= 156700 


In a case such as this, where both (6) and (7) are ap- 
plicable, not many significant figures can be obtained. 
However, if (6) is used for a much smaller value of x, or 
(7) for a larger value, the last terms may be smaller than 
10~7 and so 7 or more significant figures can be obtained. 
Example II. Q(x1) for the coils of example I, by (21), 


= 35 1/2000 [8.721 — 0.411 — 1.994 + 0.002 + 0.029 — 0.009} 


= 6580 
2 x? X 400 X 35 
By (22), Qin) = v7 [1-++0.0274 —0.0049 + 0.0029 + 


0.0009 — 0.0014 — 0.0002 + 0.0004 + 0.0005 — 
0.0004 — 0.0002] = 6580 


Example III. Two concentric, coaxial cotls. 


Inner solenoid, a = 2, 2m, = 
Outer solenoid, A = 10, 2m, = 5 
(Example 39, page 84, Scientific Paper 169) 


M 
TA 160 w? (1.055268 — 1.006331) = 77.279 by (7). 
12 


Equation (43) of Scientific Paper 169 gives 77.27980. It 
is a better series for this case, in which the coils are too 
short for more than 5 significant figures to be given by 
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(7), and in which c?/Dd = 0.8 is too large for (6) to be 
used. However, equation (7) is applicable to coils which 
are not concentric, while (43) is not. 

Example IV. Two concentric, coaxial solenoids. 


Inner solenoid, a = 10, 2m, = 20 
Outer solenoid, A = 15, 2m. = 200 
(Example 43, page 91, Scientific Paper 169) 
By (7), F(110) = 3000 x? (7.401200 — 0.000137 + 0.000001) 
= 3000 7? X 7.401064 
F(90) = 3000 x? (6.082762 — 0.000247 + 0.000001) 
3000 x? X 6.082516 


M 
— = 6000 x? (7.401064 — 6.082516) 
NyN2 


PERN = 6213.51 

This agrees with the values given on page 91 of Scien- 
tific Paper 169. On page 92, a solution which occupies 
more than a page, is given by means of (45), page 65 of 
that paper, which is a formula for 2 coaxial solenoids 
which may or may not be concentric. As stated on 
page 91, if a series formula can give the accuracy required, 
it is usually preferable to (45). It is evident that, by 
using more terms of (7) of this paper, more than 6 signi- 
ficant figures could be obtained in this case. 
Example V. As an example of the use of formula (19) 
there may be taken the case where 


a = 2,A = 3, 2m, = 10, 2m, = 6,5 = 18 


Assuming further that m, = m2 = 10 it follows that the 
coils have 100 turns and 60 turns, respectively. 


qg = 15, g@ = 21, 6? = 29 
Then (19) gives 


7.776 x? 10° 
(315)? 
850.17 


M= [1 + 0.102358 — 0.002076 — 0.001099. ..] 


A more convergent series is obtained if the lengths 
are interchanged, giving 


2m = 6, 2m, = 10,5 = 18, m = 13, g = 23, and 6? = 13. 
The mutual inductance is then 


7.776 1? 10° 
(299)? 
850.19 


If the solution be carried through by (18), M = 8,000 
a? [0.989447 — 0.978679] = 850.21 with 2m = 10 and 
2m, = 6, and if the lengths be interchanged, 


M = {1 — 0.005855 — 0.004150 + 0.000392 + ...] 


n = 4800 7? [0.991508 — 0.973561] = 850.22 


Appendix 


Formulas From the Bureau of Standards Collection for 
the Calculation of Inductance (Scientific Paper 169) 


Formulas quoted in this paper are here collected for easy reference. 
Mutua. INDUCTANCE OF COAXIAL CIRCLES 
Placing 


a = the smaller radius 
A = the larger radius 
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c =A —a = the difference of the radii 
the distance between their planes 


v2 
12 s—=¢8 x? and t= ial 
Aa 
then Maxwell’s series formula, extended by Rosa and Cohen, is ; 


8a 2+. 3x? 8 + 3cx? 
M = 4ra {06 (4 +2 4°55 mei i) 


16a? 32a? 
17c4 + 42c?x?—15x4 24 ae 8c? — x? ) 
1024a4 ‘ 2a 16a? | 
3 — Gex? 19¢4 + 534c%x? — 93x! 
OO pg as CAE oes fom (14A) 
48a8 6144a‘ | 


If the circles are in the same plane, x = 0, and this becomes 


Cc @& c 1 Tact 

M = 4ra< log — ee ee ee 
2 3 (1+ + t6a2 320° * 1024 at ) 

hy leat nh Iii | 


4 
ded ae wise id 15A) 
(2+ 6a? t x . 


‘ 
A formula derived from series expansions of certain integrals by 
Havelock reads ; 


= 3 15 35 
w= tVae| (1 +3 a - feat 


48a? 6144 a4 


1024 ~ * (128)2 
1575 8V Aa a 31 
ee HE | om eo eee ‘ 
5(128)3 ~~ ) r +16 208° 7 


if 
247 4 
6(128)2 8(128)8 { 
This gives very accurate results for values of x almost as great as 
the smaller radius. For a given degree of convergence it requires — 
only half as many terms to be calculated as does formula (14)A. 


MUTUAL INDUCTANCE OF ‘ 
A SOLENOID AND A CIRCLE IN ITs END PLANE 


The mutual inductance of a solenoid of N turns, radius A, and 
axial length x, and a circle of radius a in its end plane may be found 
from Rosa’s formula: 


277a?N 3 a2A? 5 GsAs exe 
Mi arr | chee eee 2 ae aS 4 
p pound 64 3 512 pl? 
63 aA8 231 ai0410 429 qgi2412 ; 
1024 pis 4096 einer maaEe A 
1024 pi6 4096 p?? 8192 p24 X10 + oteks | (56. ) 
in which p? = x? + A? 
and 
x2 
EXGs = 38 —4— 
A? 
5 x? x 
Xs ig. eas Ta 
3D Sone 6 
Re eas ame a 
16 2 A? Af As 
63 105 x? ARET aes ae 
BS Moline fa ee ae 3 — — 36— pa 
iss rast rY As + 4 a 
_ 231 1155 x? 1155 x4 ae x8 es x8 : selo 
MSaioeee Gavia. Weme ds set aaa ema 


and the general term for the coefficients Xo, is 


ma (—1)"-?(2n+1)2n(2n—1) .. . [2n—(2p—2)]: (v4 


Xon = 1 
5 i (ea gaa ta 


b=0 
when p = 0, the term being 4(—1)"(x/A)”, 
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UTUAL INDUCTANCE OF CONCENTRIC COAXIAL SOLENOIDS 


Let the radius, axial length, and number of turns for the outer 
lenoid be A, 2m, and Ne, and the corresponding quantities for 
e inner solenoid a, 2m, and N;. (This is a special case of figure 
with s = 0.) 

Then, if the length of the outer solenoid be greater than that of 
e inner, the mutual inductance may be calculated by Searle and 
rey’s formula: 


_ 27a®N Ne 1 A2q2 1 Ata 
7 ji 43 et AM tt 
1 A’as L ‘pe A&a8 Xr, 
32 pl 6 32 pis WES SPio on AF 


1 {Aa ae 
32 oo * Xen-2len +... (43A) 
which p? = m,? + A2, and the quantities X2, are derived from 
@ corresponding coefficients in (56)A, with m, in place of x, and 
2 coefficients Ly, from the substitution of m, in place of x, and 


or A, in the same equations. Thus 
my? 4m,? 
=3-475 X, = 3 -— = 
5 m2 m4 5 me? 4me4 
=-— — a MGS = NOS 
3 10 ? + am 4 9 Ap + As 


This formula is very convergent, except for coils of nearly equal 
lii and of lengths which are short, compared with their radii. 

For long coils, the coefficients Xe, and Ley, oscillate between 
ge positive and negative values, rendering it difficult to be sure 
the degree of convergence attained. 

Roiti’s Formula. With the same nomenclature but with 


= (m,—m)? +A? and po? = (m2 + m)? + A? 


s formula may be written 
a5 a?A? f 1 1 
= 4n’a?n\nN2 tei ET Te Ey card ee 
Vers aeaigal 5 TaN Tiwi 4 
ess aes +) + arar(1 a “) (2 = =) mb 
16 \pi> pb 64 RANG Oo gat 
35 Jags 1 1 
pase OAs | ee ee 
256 * ( ie 5) & 2) 
7 OCA y ee 
Yat 5 At) \ pt pt 2048 
Ee any 1 3003 
Siem it sib — 848 X 
347 * 2 ae 7m) * yeaa ° 


1a il 1 
ae mi “3 = *i)- a: | (39A) 


xwell’s Formula for Concentric Solenoids of Equal Lengths. 
the common length be 2m, and the winding densities, in turns 
Then, with p? = (2m)? + A? 


asAt X 


10 at 
eA 


centimeter, m and mz. 


= 47%02n\n2[2m — 24a] 


rhich 
Alot 2 A3 is As 
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2A 16A? pt] 6444\2 pe 
7 6/4 8 A? A? All 
Dent Ju 2008. AP NT 7 7 p® pul 
63 at (3 64 A? An AN _ i a 
2(128)2 A’ \9 9 p? pil pis 3 pis 
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Al Als At A% 
3200 — — 6800 err ay (OH Kol0) PPA) (EKO 
p p p2 p3 


In this expression the general term of the series in powers of a?/A? 
is, as was shown by Havelock, 


_ Qn — 1711.38.65... .2n —3))? f a \* 
22° +n! (n + 1)! A 


Gray gave the following formula for the mutual 
With the notation 


Gray’s Formula. 
inductance of coaxial solenoids, not concentric. 
of figure 1 and 


ql = S — Ma, go= S$ + my, d,*> = A?® + gy’, d,? = A® + gy? 
Gray’s formula becomes , 


M= ma7A *nyno[K ky + Kok + Ksks + ure Al! (40A) 


in which 


2 q2 N 
Kis — (= -* 
: ae 3) 


Ke = S 


5 2 4 
ks = atm, (3-0 ™ 44") 
2 a 


MUTUAL INDUCTANCE BY MEANS OF SELF-INDUCTANCE FORMULAS 


The mutual inductance of 2 coils having the same radii and the 
same number of turns per unit length may be calculated from a 
knowledge of several self-inductances. 

If the 2 coils be designated as A and B, and a coil C, having the 
same radius and winding density, be imagined to exactly fill up 
the space between A and B, the inductance of coils 4, B, and C in 
series will be 


Lase = La+Lp+Lo +2Mac + 2Mpc + 2M ap 


Similarly, the self inductance of the coils A and C in series, and of 
B and C in series, are given by 


Lac = La SE Leo aP 2M ac 
Lec = Lp + Lo + 2Mac 


Eliminating M4¢ and Mgg in the equation above, we find 


2Map = (Lasc + Lc) — Lac + Lac) (51A) 


If the radii of the 2 coils are equal but their winding densities 
and m2 are unequal, the expression (51)A may first be calculated, 
assuming unit winding density on each coil. The result so found, 
multiplied by m:m2, is the desired mutual inductance. 

The self-inductances in (51)A may, in general, be calculated by 
Nagaoka’s formula and tables. For a coil of NV turns, whose axial 
length 2m does not exceed its radius a, Coffin’s extension of the Ray- 
leigh and Niven formula is accurate and convenient. 
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An Analysis of Copper-Oxide Rectifier Circuits 


By P. O. HUSS 
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Summary 


fiers is based upon the selection of a proper repre- 

sentation of the variable impedance of the rectifier 
element. In this analysis, the element is replaced by 2 
constant resistances effective during the 2 directions of 
current flow through the rectifier. On the basis of this 
representation, an equivalent circuit is developed, which 
is a modification of the usual perfect rectifier circuit. 
The method is illustrated by analyzing circuits in which 
the loads consist of resistance and inductance and of re- 
sistance and capacitance. The computed results are 
then compared with observations made by an oscillo- 
graph. 


Te analysis of circuits containing copper-oxide recti- 


Introduction 


Copper-oxide rectifiers are finding greater use in con- 
nection with measurement of alternating voltages and 
currents. This is particularly true in connection with 
special electrical instruments designed to measure physical 
quantities such as motion, pressure, etc. It is often de- 
sirable to analyze the circuit in order to predict its opera- 
tion, but the usual assumption, neglecting rectifier im- 
perfections, is frequently not sufficiently accurate. 

This paper presents an approximate representation 
of the copper-oxide rectifier, taking into account its 
asymmetrical conduction properties. Two constant re- 
sistances are introduced, to represent the direct and in- 
verse properties of the real rectifier. Using this approxi- 
mation, an equivalent circuit is established. 

A general discussion of the methods used to analyze 
circuits, consisting of copper-oxide rectifiers is given, 
together with a consideration of the circuits for which 
the rectifier conducts during only part of the cycle. The 
analysis is made on the assumptions that the applied 
voltage is sinusoidal with a constant maximum value, 
and that the successive half-waves are identical. 

Circuits of resistance, resistance and inductance, and 
capacitance in parallel with resistance, are analyzed to 
show the application of the method presented in this paper. 
The circuits are also analyzed for the usual idealization of 
perfect rectifiers. The theoretical wave forms computed 
by each of these 2 methods is compared with the results 
obtained by an oscillographic study of an example of 
each type of load mentioned. The measurements in- 
cluded in this paper were made on commercial rectifiers 
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and are included only as illustrations of the method of 
circuit analysis. . 
The Rectifier Element 


Grondahl!? has given an excellent description of the 
copper-oxide rectifier and its construction, together with 
an explanation of some of its properties. The rectifier 
element consists of a disk of copper upon one side o 
which an oxide has been formed by heat treatment. Rec- 
tification takes place in the area of contact between the 
copper and its oxide, because the impedance to current 
flow from oxide to copper is low, while the impedance to 
current flow, in the opposite direction, is high. 

The difference in impedance for the 2 directions of 
flow presents a problem which has no simple solution, 
but which is, nevertheless, of much importance. Without 
an analytical approach, it would be necessary to make an 
oscillographic study of wave form to determine the be- 
havior of each new circuit. It is desirable to obtain a 
method of computing results to be anticipated for a given 
circuit, so that the oscillographic study can be eliminated. | 
This is especially true in the design of instruments using 
rectifiers. 

For circuit sheins the rectifier must be replaced by 
some combination of standard impedances. Deutsch- 
mann and Schottky® presented 4 types of equivalent com- 
binations, of which pure resistance is the simplest, yet 
representative for many applications. This resistance 
is a variable depending upon the voltage applied to the 
rectifier element. The type of variation is shown in 
figure 1, but actual values will differ depending upon the 
kind of rectifier and size of disk. 

Since the resistance varies continually during the cyclic 
change of current and voltage, an exact analysis is quite 
difficult. As an approximation, Cremer‘ replaced the 
changing resistances by 2 constant values, D and S, where 
D represents an equivalent constant value for current 
flow from oxide to copper, and S an equivalent constant 
value for current flow in the opposite direction. These 
approximations are used in this paper to simplify the 
study of rectifier circuits. The term ‘constant recti- 
fier’ refers to one in which the approximation of 2 con- 
stant resistances is used. A “‘perfect rectifier’ is one in 
which D is zero and S is infinite. 


Full-Wave Rectifier Circuits 


There are 2 standard circuits used to obtain full 
wave rectification, the transformer bridge and the Graetz 
bridge, shown in figure 2. The choice between them de- 
pends upon the relative cost of rectifier elements and 
transformer, and also on certain conditions peculiar to 
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> special problem. Unless otherwise stated, this paper 
als with the Graetz bridge only. 
lhe rectifiers in the bridge of figure 2) may be replaced 
the approximate equivalent resistances, D and S, for 
ect and inverse impedances, respectively, and an 
ernating voltage of constant maximum value applied. 
nen a has a positive potential, current flows from a to 
Rectifiers in legs ab and dc are conducting and are 
resented by the constant direct resistance, D. Recti- 
rs in legs bc and ad are opposing the flow of current 
d are represented by the constant inverse resistance, 
During the next half-cycle, when c is positive, current 
ws from c to a, opposite to the direction in the previous 
lf-cycle. Thus rectifiers in legs ab and dc now oppose 
> flow of current and are represented by S, while those 
legs bc and ad are conducting and are represented 
D. 
[f the rectifiers may be assumed to have like character- 
ics, the entire behavior can be described by one half- 
cle. This assumption simplifies the discussion and is 


ENLARGED CON- | Fig. 1. Copper- 
DUCTION VOLTAGE 4 ate 

AREA oxide rectifier 

resistance __varia- 

tion 


OHMS 


IVERSE VOLTAGE 0 CONDUCTION VOLTAGE 


d here. Thus the analysis is confined to the half- 
‘le of voltage, where a is positive, the next half-cycle 
umed identical to it. 

Analysis of the Graetz bridge circuit of circuits abc, 
ic, and junction 0b in figure 2b, yields the equations 


> + Sig =e 
Ip + er = 


a ip == tg 
mbining the first and third, gives 


_ e+ Siz 
epics 


e— Di, 
D+S 


and ts = 


ostitution of 7p in the second equation above, gives 
- basic Graetz bridge equation 


= €, + Piz, (1) 
ere 

f 2DS ee Gold) 

Dts S-eD 


\n equivalent circuit, to represent the constant rec- 
2r with load, can be set up from equation 1. The 
d current, 7,, for a constant rectifier, may be found by 
ling a resistance, P, in series with a perfect rectifier, 
ring the same load, and applying a voltage ge to the 
ilting circuit. This substitution is used here to solve 
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the constant rectifier problem. A circuit of this kind is 
shown in figure 4c. 

Applying similar analysis to the transformer bridge in 
figure 2a, the analogous equations become 

Qe + Siz 2e — Diz 
Sie ea ntthy arpa Cee 


DIS ID) srs 


ra 
= 7, a Oe 


4 
2 2 


where P and ¢ are the same as defined above. Thus the 
constant transformer bridge can be represented by a 
perfect rectifier bridge with a series resistance, P/2, and a 
voltage ¢e applied to the system. 


Determination of Equivalent Resistances 


Even if the curve of d-c values of figure 1 were known, 
the equivalent dynamic values, D and S, could not be 
easily established and so some method of direct meas- 
urement is desirable. 

These constants may be determined by 2 sets of meas- 
urements on the Graetz bridge. Using the assembled 
rectifier bridge, measure the alternating current and volt- 
age with effective value meters, for these 2 conditions: 
(a) d-c load terminals open, and (0) d-c load terminals 
shorted. Call the impedance from the first measure- 
ment, the open-circuit impedance, Z,, and the impedance 
from the second measurement, the short-circuit imped- 


ance, Zs. Study of the parallel impedances of figure 
3 shows that 

D+S_S ops ae 
= 9 5 and aN Ty es 


Since S is much greater than D, the following definitions 
hold, 


S = 2Zo; D = P/2; 
Zs = FP is concerned primarily with rectifier conduction, 
and so in use depends upon the current, while Z, is con- 
cerned primarily with the inverse or leakage character- 
istic of the rectifier and in use depends upon the voltage. 

For any given case, the values of P and S can be found 
from graphs similar to figure 3, the value of line current 
determining P, and the line voltage determining S. 

Some precautions must be taken in the measurement 
of Z, to obtain consistent and reliable results. A fairly 
good set of measurements can be obtained by taking the 
readings with decreasing voltages, controlling the voltage 
by a tapped transformer rather than with a potentiometer. 


Fig. 2. Full-wave rectifier circuits 
b—Graetz bridge 


a—Transformer bridge 
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Analysis of Rectifier Circuits With D-C Loads 


Now that the equivalent circuit for the constant rec- 
tifier has been established, and an experimental means for 
finding P and ¢ has been presented, a few typical cir- 
cuits will be analyzed to show the application of equa- 
tion 1. Comparison of the wave forms obtained by this 
method will be made with the wave forms obtained by 


Fig. 3. 
lent 


Equiva- 
resistance 
determination 


10) 20 40 60 80 100 


4 6 
Eac (VOLTS) 


oscillographic study of the circuit. The analysis of these 
loads will also be made assuming a perfect rectifier, for 
the purpose of comparing results with those obtained by 
the constant rectifier method. 

Several studies of perfect rectifier circuits have been 
published. The reader is referred to the series methods 
presented by Wheatcroft® and by Stout.® A filter circuit 
study was made by Lee’ and the equations for a thyratron 
rectifier were given by Cockrell.® 

Distinction must be made, in rectifier work, between 
2 kinds of loads; 


a. Loads for which rectifier conducts during the entire half-cycle. 
Most of the loads under this group are resistance and inductance in 
series or pure resistance, but some arrangements of capacitance in 
parallel with series inductance and resistances fall into this group. 
A discussion of a load of resistance and inductance in series is pre- 
sented to illustrate this type. 


b. A second group of loads are those having parallel capacitance 
of such magnitude that the load current tends to become negative 
during the half-wave, with the result that the rectifier stops con- 
ducting and a cut-off period must be studied in addition to the 
usual conduction period. A discussion of this type of load follows 
and the case of resistance and capacitance in parallel illustrates 
this kind of load. 


The circuit analyses in this paper are made with the 
following assumptions: 


1. The impressed alternating voltage is sinusoidal with a constant 
maximum value, e = Ep sin wt = EH, sin 6. 
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i 


2. It is assumed that the system has been in operation for sufficien 
time so that a steady state has been reached. 


8. The successive half-waves are identical. All wave-forms and 
developments are based on the half-cycle, 6 = 0, to @ = 


4. Since the successive half-waves are identical, the currents 
must have the same value at 6 = Oasat@ = 7. La 


Load of Resistance and Inductance in Series 
Ti 

As mentioned above, a load of resistance and inductance 
in series is an example of the group in which the rectifier 
conducts during the entire half-cycle. See figure 4 for 
the circuits for this type of load. 
PERFECT RECTIFIER . 
Refer to figure 4b for the equivalent circuit for this 
case. The rectifier impedance is zero and so the current. 
solution is obtained by applying the voltage crea to 
the load. The equation for this case is 


which has the solution 


= K,e— + K. sin 0 + K3 cos 0 


where a = Ro/L. Ky is obtained from the condition 
that 7, is the same for 9 = 0 and 6 = Ke and Ks 
are known from the steady state of the inductive circuit 
for alternating voltage, so that 


wLEm _ eee R 
Ky — ay {0 i le 
Re+ (aL)? es € See ol 

RE. - 
K.= ———" __., K; = _— ae LEn 
ROSES cons) yl a oP Oe 


CONSTANT RECTIFIER 


Refer to figure 4c. Equation 1 and its discussion show 
that the constant rectifier can be represented by a per- 
fect rectifier with a series resistance, P, and a modified 
voltage, ¢e. Thus the same equations that were devel- 
oped for the perfect rectifier are valid, except that the 


Fig. 4. Graetz bridge cir- 
cuits for resistance and 
ductance in series 


a—Conventional circuit, first half- 
wave 


¢ Em sin 8 


b—Equivalent circuit for perfect 
rectifier 


c—Equivalent circuit for constant 
rectifier (c) 
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istance term, R, is replaced by the term (R + P). 
us we can write the coefficients directly 


g wLokim 2 ; ly R+P 
7 (R + P)? + (wo L)? 1 — «7 9%’ fr eeta 

wLoEm (R + P)? ¢Em 
ss EK; 


~ (R + P)? + (wL)? 


For resistance only the equations become 


a(R + P)t + (wl) 


E 
= i sin 0, for perfect rectifier 


bem. : 

= RiP sin 6, for constant rectifier 

Figures 5 and 6 show the comparison of wave-forms 
mputed from the above formulas, with an observed 
ive-form obtained from loads of resistance and from 
sistance and inductance in series. Figure 5a shows 
at the computed forms differ from the observed, but 
e constant rectifier method gives a much closer approxi- 
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120 + 4 a eer 
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\ . ° 
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ry Ss \ * 
y ATP \ typical case of 
i resistance load 
H R = 10 ohms, 
! Em = 3.1 volts, 
o = 377 
A—Oscillogram 
B—Perfect recti- 
ier 
C—Constant rec- 
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Fig. 5b. Com- 
parison with 
typical case of 
resistance load 


A—Oscillogram 


B—Perfect recti- 
fier 


C—Constant rec- 
tifier 


R = 400 ohms, 
Em = 13.7 volts, 
w = 377 
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mation than the perfect rectifier, the reason being that 
the load is of the same order of magnitude as the direct 
resistance of the rectifier and so the rectifier resistance 
cannot be neglected. A similar discrepancy will be 
found if the load is of the same order of magnitude as the 
inverse resistance of the rectifier, in which case the as- 
sumption of infinite resistance is in error. 


Circuits That Have Cut-Off 


For the group of loads having a cut-off period, the 
load current tends to become negative at some point in 
the cycle. The rectifier does not allow this and so a 
different type of behavior takes place during the rest of 
the cycle. These loads have 2 or more paths in parallel, 
one or more of which contain capacitance. A typical 
circuit of this type is shown in figure 8a. 

Reference to figure 7 will aid the following discussion. 
Begin consideration sometime during the conduction 
period, when the voltage e is the voltage applied to the 
load, and the circuit follows its normal a-c behavior 
until @. is reached. At that point the current through 
leg D reaches zero due to the fact that the condenser 
discharge becomes sufficient to supply the load. 

After #2, the current through leg D reverses and legs 
ab and dc change their characteristic from D to S. Legs 
bc and ad retain their S characteristic since they experience 
no change in current direction. The circuit is now that 
for cut-off as shown in figure 8d. This cut-off period 
begins at 4, the cut-off angle. Its significance can be 
most easily seen in the case of a perfect rectifier where 
S is infinite. At 2, the condenser has a charge corre- 
sponding to that voltage (¢ = CE,, sin 62) which must 
discharge through the resistance path, since the impedance 
in the outer circuit is infinite, or open circuited. This 
discharge continues until the voltage across it dies down 
to the voltage of the next oncoming sine wave, defined 
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as the cut-in angle at 6 = 6, + 7. At this point the 
condenser ceases to discharge and again charges according 
to sine voltage behavior. Thus the conduction period, 
or normal a-c behavior, continues from 6; to 62, and the 
cut-off period, or discharge of condenser, is from 4 to 
6; + o. 

The discharge path in the constant rectifier case is the 
resistance branch in parallel with an S combination, shown 
in figure 8f. At 6; the legs ab and dc change their char- 
acteristic behavior from S to D and at 62 change back 
from D to S. Since this change is caused by a reversal 
of the current through these legs, the current must be 
equal to zero at the instant of change. But this current 
is tp. Therefore 6, and 62 are defined as the values of 
6 when 7p equals zero. Since 7p equals zero, it can be 
seen thate = e’ =e, at 0 = 0, and6= 6. This is a basic 
fact in solution for the current equations in these circuits. 

A uniform procedure in problems of this type is given 
below and is further illustrated in the circuits following: 


1. Set up the differential equation of the circuits for conduction 
and cut-off periods to obtain the general form of the currents, as 
well as the exponents of the transient terms. 


2. Determine the steady state coefficients using the bridge equa- 
tion 1 and other usual methods used in circuit analysis, such as 
parallel relations between the two load branches. 


8. Determine the cut-off angle, using the definition that ip = 0. 
It is necessary to assume that the transient term for the conduction 
section is zero at cut-off to facilitate solution. This assumption is 
quite reasonable since «9 is usually a large damping factor which 


reduces the transient term to a small quantity by the time 02 is 
reached. 


Fig. 6. Com- 
parison _ with 
typical case of 
resistance and 
inductance in 

series 


A—Oscillogram 


B—Perfect recti- 
ier 
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C—Constant rec- 

tifier 
129 ohms, 
L =0.65 henry, 
Em = 11.6 volts, 
wo = 377 
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4. Determine the coefficients for the cut-off period using condi- 
tions of continuity, voltage equality, or others, at 6. and circuij 
relations during the cut-off period. 


5. From conditions existing at 0, + m determine the value of the 
cut-in and the values of the transient term constants. It will be 
necessary to solve some of these equations by trial since they involve 
trigonometric and exponential ternis. 


6. Now knowing the transient term, check back and revise the 


Fig. 7. Wave 
forms in a cut- 
off-circuit 


CONDUCTION | CUT-OFF ICONDUCTION 


cut-off angle, if necessary. (The new cut-off solution may be a 
trial solution.) Then repeat the steps 4 and 5, using the transient 
term as obtained. Continue until the desired accuracy is reached. 
Usually the revision produces but minor changes in the values. For 
simple circuits a graph or table can be set up giving 62 and @, for 
given load conditions. 


Load of Resistance and Capacitance in Parallel 


The load of resistance and capacitance in parallel 
is the simplest kind of load that falls into the cut-off 
group. The method of solving this circuit is outlined and 
the main equations given. 


PERFECT RECTIFIER 


The equivalent circuits for this case are shown in 
figures 8b and 8e. The circuit equations for the 2 periods 
are: 

During the conduction period: 


E 
trp = RZ sine and tg = wCEm cos 0 


During the cut-off period, 


1 
q’ = he~"® = where 6 = —— 

wC 
ip! = — ic! = whhe—™; i,’ = itp = tg = 0 


When 4 equals the cut-off angle, 62, 7p = 0 ande = e’ 
tan 6. =wRC and he~ = wCEm sin 69 


At the cut-in angle for the next half-cycle, 6 = 6, + 7, 


, 


e=e', also sin 6; = (sin 82) ~ (+m — 02) 


Knowing the coefficient, h, the cut-off and cut-in angles, 
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Fig. 8 


a—Conduction pe- 
riod currents 


b—Equivalent circuit 
for perfect rectifier, 
during conduction 


c—Equivalent circuit 
for constant rectifier, 
during conduction 


d—Cut - off period 


currents 


e—Equivalent  cir- 
cuits for perfect rec- 


c tifier, during cut-off 
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1 during cut-off 


and 6,, the entire circuit behavior is determined for 
e perfect rectifier. 
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Figure 8c again shows the equivalent circuits for this 
se. The bridge equation 1 for this kind of circuit 
comes: 
= eee eee = Pi, 

C 
ring the conduction period. This equation has the 
utions 
i ep fete 
— —cos@+ — sin @é 
wa w (oy) 
I Gp de 
ce wPRC 


= Kye? + Kz sin 0 + Ks cos 0 


ring cut-off period, see figure 8f, the circuit equations 
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which give 
q’ = he: so! = whhe—"? ie = ult ea 
’ ’ RG. 
3 . Bee 
tg! = —74,' = sc’ 6 
_R+S 
~ wRCS 
ip! = iss is = + is! 
D Ss , 9S 


Solving for the coefficients results in 


A, — —waRCK,; HA, = —wRCK3; Hy = —wRCK2 
Ki = (R + P)¢ Em 

> (R+ P)? + (ReCP)? 
Ky = oRCPEn 


~ (R+P)? + (RCP)? 
he °® = CEm sin 62 


Assuming that the transient term, Kie ”, is zero at 
0 = _ 62, due to high rate of decay as mentioned in the 


R=300" C=9.6S5 eo. 
br : 


Fig. 9. Com- 
parison with 
typical case of 
resistance and 
capacitance in 
parallel 
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A—Oscillogram 40 


B—Perfect recti- 
fier 


C—Constant rec- 20 


tifier 
R = 300 ohms, 


C = 9.65 micro- 
farads, Em = 
14.1 volts, o = 
SH i 


method of solution, the condition that 7p) = 0 at@0 = 6h, 
becomes 

RC (¢ RS 
tan 0. = es (¢ ) 


(w RCP)? + (R + P)? + oS(R + P) + $SP(wRC)? 


which reduces to the perfect rectifier form 


tan 62 = —wRC 


for P = 0 and S = ow. A, and K; can now be deter- 
mined from the boundary conditions that exist at the 
cut-in angle, 6 = 6; + 7, namely, ip = 0 and e’ = e, 
=e. Next find Ki ™ to see if further revisions are 
needed, or if that term is negligible as was assumed in 
finding 4». 

Figure 9 shows the relation between the wave-forms 
observed and those obtained from the equations developed 
here. The first solution was satisfactory since the tran- 
sient term became very small at 62. 


Load of Capacitance in Parallel 
With Resistance and Inductance in Series 


The solution of more complicated circuits, especially 
those having cut-off, becomes rather difficult when treated 
in generalform. Ina given numerical case the coefficients 
and exponents can be evaluated as soon as found, thus 
reducing the length and difficulty of the computations. 
A common circuit can be obtained by putting inductance 
in series with the resistance in the previous case. Figure 
8 can be likewise modified to fit this case. The method 
of solving this case for a constant rectifier is outlined 
here, and the resulting wave-forms compared with an 
observed wave-form obtained from a typical case, see 
figure 10. 

Set up the differential equations for the circuits and 
solve them for the general form of the current equations 
for both conduction and cut-off periods. These will be 
in the form 


ig = Hye? + Hye” + HA, sin 0 + H, cos 0 
ip = Kye™9 + Koe™? + Ks sin 0 + Ki cos 0 
ic’ = Iye™? 4 Iie??? 


ip’ = hye™9 aL Roe”? 


where 

R 1 y ie len 1 
— te Se — 

2o0L 20PC 20L 2wPC? wLC 

R 1 \ R ae 1 
i soe _ _ 

20L 20SC 20L 20SC wLC 


Assuming the transient terms to be zero at 0 = 4s, 
and using the condition that 7p = 0, the cut-off angle, 
0%, can be determined. The other coefficients can be 
found by using circuit relations and boundary conditions 
existing for the problem at hand. Solution of cut-in 
angle conditions gives the values of 6, and the transient 
term coefficients. 

Knowing the transient terms, check back and find a 
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Fig. 10. Com- 
parison with 
typical case of 
resistance and 
inductance in 
parallel with 
capacitance 


R=322wW L=.654 C=9.65 mrp, 
B—Perfect recti- . ke 
fier : 


C—Constant rec- 


tifier 


A—Oscillogram 
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revised 62, using the values found above, instead of zero 
first assumed. If necessary, repeat the computation for 
the cut-off currents, revising 0, and obtaining a second 
value for the transient terms, and then a third value of 
62, etc. The number of repetitions necessary depends 
upon the accuracy desired. For the comparative curves 
shown in figure 10, 2 revisions were made, but the first 
produced the greatest change. In many problems it is 
possible to stop with the first analysis. 


Conclusion 


This paper has presented a useful method of analyzing 
the behavior of copper-oxide rectifier circuits. The vary- 
ing resistance characteristic of the rectifier element is 
replaced by 2 constant resistances, D, effective for direct 
flow, and S, effective for inverse flow. This approximate 
representation of the rectifier is called the ‘“‘constant 
rectifier.” 

This approach gives solutions of a highly satisfactory 
degree of accuracy. Under certain load conditions, there 
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fect of Varying Weather Conditions on Energy Required 
for Traction and Heating of Multiple-Unit Trains 


By H. E. PRESTON 


NONMEMBER AIEE 


"HE HEATING of passenger cars electrically to- 
gether with the additional energy required for 
traction purposes when cold weather prevails cause 
eases in operating expenses which are of great import- 
= on the Illinois Central Railroad where power is pur- 
sed. 

his article deals primarily with the experience of the 
10is Central in operating its electrified suburban serv- 
in Chicago during the past 9 years. 

efore discussing the accompanying curves which are 
od on average conditions a brief summary of weather 
ditions in Chicago and data on the Illinois Central 
ipment follows. 

‘he daily range of temperature for Chicago is 14 de- 
2s between normal maximum and normal minimum 
peratures. The record minimum is —23 degrees and 
record maximum is 105 degrees. 

‘he average temperatures for the past 64 years are as 
OWS: 


Jan. Feb. Mar. Apr. May June July 
24.5 26.6 30. f 47.1 Die 67.6 V2 
Aug. Sept. Oct. Nov. Dec. Year 
7126 65.3 53.8 40.2 29.0 49.3 


‘he average hourly velocity of the wind in all directions 
1 miles per hour. 

“he average number of days during the year when the 
imum temperature is 32 degrees or below is 108. 

“he average number of days during the year when the 
imum temperature is 0 degrees or below is 8. 

Juring the past 9 years there have been approximately 
} days each year when heating was used on the cars for 
east a portion of the day. 

“here are 280 cars in multiple unit service. All of the 
s are heated with electric heaters of the enclosed ele- 
nt type, operating on 1,500 volts direct current, and 
ipped with thermostatic control set to maintain a tem- 
ature of 56 degrees Fahrenheit. The cars have ap- 
ximately 4,500 cubic feet of air space and seat 84 pas- 
gers. Each car is equipped with 29,500 watts in heat- 
located under the rattan-covered seats. The motor- 
n’s cab is equipped with a 3,000-watt heater. The 
s are insulated with hairfelt under the composition 
rs and 3-ply Salamander applied to the sides and roof 
ets. Ventilation is provided by monitor sash ventila- 
3. 

Juring the past 9 years there has been an average of 
, scheduled trains daily except Sundays and holidays, 
| there has been operated an average of 824,000 car 
es per month. 

the average distance between stops including all classes 
ervice is approximately 0.96 mile. 
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During the winter season of 1933 a unit of the equip- 
ment, comprising a motor car and a trailer car, was 
equipped with graphic meters which recorded the opera- 
tions of the heating relay and the current in the traction 
motors. Integrating meters were also installed on this 
unit to measure separately the energy used by the trac- 
tion motors, the air compressor motor, the motor gen- 
erator set, and the heater circuits. This specially equipped 
unit was operated in regular service similar to any of 
the other equipment and a record kept of the meter 
readings at the conclusion of each trip together with 
other pertinent data such as, the class of service ren- 
dered by the train, the weather conditions and the position 
of the cars in the train when consisting of more than 2 
cars. Personal observations were made at various times 
to enable an accurate interpretation of the meter read- 
ings to be made. 

The energy used for traction will be considered for the 
purposes of this article as including in addition to the en- 
ergy used by the motors and their control equipment, the 
total line loss between substations and trains, the energy 
used by the air compressors, the energy used by the motor 
generators on the cars which charge the batteries and sup- 
ply the lighting circuits, and all other d-c output from the 
substations excepting energy used for heating of the cars. 

The relation between average kilowatt-hours per car 
mile and temperature is shown in curve A of figure 1 and 
was drawn from the d-c substation output load records 
combined with a daily record of the movement of the cars 
including the car miles operated. 

From the information obtained in the above manner it 
was found that the increase in kilowatt-hours per car mile 
over the summer requirement commenced at approxi- 
mately 60 degrees and between 60 and 45 degrees the in- 
crease was due entirely to the heating in the cars. In the 
kilowatt-hours per car mile-temperature curve it will be 
noted that at 60 degrees the consumption is 4.30 kilowatt- 
hours per car mile and at 45 degrees it is 4.73 kilowatt- 
hours per car mile. For this range of temperature of 15 
degrees the difference in consumption is 0.43 kilowatt- 
hour per car mile and the curve is a straight line. This 
difference is equivalent to an increase of 0.0286 kilowatt- 
hour per car mile per degree due to the heating of the cars. 

Daily records of the train operations included total car 
miles operated during the morning and evening peak de- 
mand hours and also the length of time the cars were in 
service during these hours, which gave the total number of 
“car hours” in service. From this information it was 
found that with the heaters on continuously the maximum 
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Fig. 1. Curves showing effect of temperature on 
train heating and traction requirements in suburban 
service of the Illinois Central system 


A—Average kilowatt-hours per car mile 


B—Average time in minutes elapsed before thermostat opens 
heater circuit when heating a cold car in storage yards 


C—Per cent of time heater circuit is closed for trains in service 
and handling passengers 


D—Per cent of the total energy consumption due to heating 
in the cars 


possible heating that can be used would increase the con- 
sumption 1.13 kilowatt-hours per car mile over the con- 
sumption when no heat was being used. 

Dividing this maximum possible heating of 1.13 kilo- 
watt-hours per car mile by the increase of 0.0286 kilo- 
watt-hour per degree of temperature obtained above we 
get a range of temperature of 40 degrees during which the 
energy for the heating of the cars increases. This increase 
is at the rate of 0.67 per cent per degree between 60 and 
20 degrees. As the heating of the cars commences at ap- 
proximately 60 degrees this means that at 20 degrees the 
energy required for heating is constant and at the maxi- 
mum amount possible. 

Curve C shows the per cent of the time the heater cir- 
cuits are closed on trains in service and handling passen- 
gers after the cars have been heated previously a sufficient 
length of time to operate the thermostat if the weather con- 
ditions permit. This curve was drawn from the meter 
records obtained from the specially equipped unit and it 
will be noted that at approximately 17 degrees the heaters 
are on continuously. 

The above statements regarding heating apply to cars 
in service. 

It has been the practice on the Illinois Central to start 
heating the cars approximately one hour before departure 
from storage yards when the temperature is below freezing, 
and when the weather is more severe this preheating time 
is increased. When the temperature is colder than 10 
above zero it has been found desirable to have the heat on 
continuously. 

The energy required to heat the cars prior to their de- 
parture from the storage yards increases materially the 
average kilowatt-hours per car mile on days when the 
temperature is below freezing. 
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Curve B shows the elapsed time in minutes between the 
time the heat is turned on in a cold car standing in the 
storage yards until the thermostat operates to open the 
heater circuit. 

The ventilation provided in the cars affects the energy 
consumption necessary for heating. The number of 
changes of air per hour in the cars is determined by the 
number of ventilators opened together with the frequency 
of stops requiring opening of the car doors. It is cus- 
tomary to provide more ventilation in smoking cars than 
in other cars in the train by opening more ventilators. In 
colder weather patrons remain inside the heated shelters 
provided on the elevated platform until the doors of the. 
trains are opened causing congestion by not entering 
doors of the train farther away from the shelters. This 
causes longer loading and unloading time at stations which 
increases the length of time the doors are opened and re- 
sulting in the heat being dissipated more quickly. 

Considering the heat emitted by the passengers them-_ 
selves as it affects the energy consumption for heating the 
cars no definite conclusion could be arrived at. The indi- 
cations are that the more passengers handled the more 
often the vestibule and diaphragm doors are opened by 
the passengers walking from one car to another which in- 
creases the ventilation in the cars and offsets the heat 
gained from the passengers themselves. 

At temperatures below freezing it is noticeable that a 
majority of the passengers will close the doors between the 
vestibule and the body of the car, whereas, at more mod- 
erate temperatures these doors remain opened. This re- 
duces slightly the percentage of the time the heat would be 
on at temperatures below freezing were these doors not 
closed and accounts for curve C not being a straight line. 

After a car has been heated to a maximum according to 
the prevailing temperature there is considerable heat 
stored in the heaters themselves as well as other metal 
parts of the cars. To derive the maximum benefit from 
this stored heat the operating instructions to the trainmen 
provide for pulling the heater circuit switches in all cars 
at specified points before arriving at terminals on those 
trains that are to be tied up in storage yards. It has been 
found that no inconvenience is experienced in pulling 
heater switches from 15 to 20 minutes before arrival at 
destination. The economy resulting from this practice 
is worth while especially where it reduces the demand 
charges. 

Referring to curve A it will be noted that the summer 
requirement is constant at 4.3 kilowatt-hours per car mile 
and starting at 60 degrees the consumption increases in a 
straight line at the rate of 0.67 per cent per degree to a 
temperature of 45 degrees due entirely to heating in the 
cars. Colder than 45 degrees the rate of increase is greater 
than that required for heating alone, until at 20 degrees 
above zero the total increase over the summer requirement 
is 1.3 kilowatt-hours per car mile as compared to a maxi- 
mum possible increase due to heating alone of 1.13 kilo- 
watt-hours per car mile. This additional increase or 
difference of 0.17 kilowatt-hour per car mile is due to the 
fact that these lower temperatures are experienced during 

(Concluded on page 366) 
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The Capacitance of a Parallel-Plate Capacitor by the 
Schwartz-Christoffel Transformation 


By HARLAN B. PALMER 


MEMBER AIEE 


of a parallel-plate air condenser, taking into ac- 

count its fringing effect, has been suggested by 
J. Thomson! and more completely worked out by 
E.H.Love.? The purpose of this paper is to promote fa- 
iliarity with this mathematical technique by making it 
ore readily accessible to American engineers. In ad- 
tion to the exact method, a number of approximate 
ethods are included. 
The capacitance of a condenser consisting of a single 
ir of very long parallel plates in air is usually calculated 
the formula 


A* EXACT method of calculating the capacitance 


= statfarads per centimeter (1) 
4nd 

This formula neglects the fringing of the flux and the 
x which passes between the back sides of the plates, and 
nsequently the true value may be several thousand per 
nt greater than indicated. An error of this magnitude 
yuld occur, for example, if equation (1) were applied to 
pair of very long thin rectangular bus bars separated by 
any times their width. 


he Schwartz-Christoffel Transformation 


The general problem of mapping polygons was first in- 
stigated by Schwartz* and Christoffel. Since numer- 
is explanations of this general method are available in 
iglish,>® only a brief outline will be included here. 

In the map of any electric field, the flux and potential 
les intersect each other at right angles and, if the scales 
flux and potential are made equal, the areas formed by 
e 2 families of intersecting lines are so-called curvilinear 
uares. If the field map, originally plotted in a complex 
ane Z, is replotted in a complex plane W, where W is 
y analytic function of Z, the orthogonal intersections 
d curvilinear squares will be preserved. The Schwartz- 
iristoffel transformation consists of finding that particu- 
- functional relationship between Z and W which makes 
e transformed areas true straight-sided squares. In 
her words, the change of variable has the effect of warp- 
x the original boundary conditions or electrodes (be- 
een which the flux and potential lines are unknown 
rves) into new boundary conditions (between which 
e flux and potential lines are uniformly spaced straight 
es) without changing the capacitance. The Schwartz- 
iristoffel transformation does not determine Z = 
V) directly, but first determines both Z and W as func- 
ns of an auxiliary variable ¢. 


= fils) (2) 
= fil) (3) 
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In some cases it is possible to eliminate ¢ between equa- 
tions (2) and (8). In other cases the relation between Z 
and W must be kept in parametric form. 


Z Plane 


The (Z = x + jy) plane, in which the given boundaries 
of the parallel-plate condenser are plotted, is shown in 
figure la. The Schwartz-Christoffel transformation ap- 
plies only to those 2-dimensional field problems whose 
boundaries are the straight sides of a polygon. The 
boundaries of this problem consist of the 2 plates which 
are equipotential surfaces, the zero flux line passing be- 
tween the centers of the inside surfaces of the plates, and 
the maximum flux line passing (through ~) between the 
centers of the back sides of the plates. This figure, re- 
sembling a double cross, is virtually a polygon whose sides 
have collapsed until they are contiguous, as examination 
of the slightly expanded view in figure 16 will reveal. 


¢ Plane 


The auxiliary (¢ = & + jn) plane is shown in figure 2. 
Due to symmetry, only the right-hand half of the Z plane 
and the upper half of the ¢ plane need be considered. The 
6 vertices of the Z polygon (lettered a, b, c, d, e, f) may be 


transformed into the similarly lettered points on the ¢ axis 
of the ¢ plane. Furthermore the extremities of the y axis 
become the extremities of the £ axis. Thus the problem 
has been resolved into finding the capacitance between 2 
plates (shown by heavy lines a-c-e, and f-d-b in figure 2) 
lying in the same plane and having widths of (1/k — 1) and 
being separated a distance of (1/k + 1), center to center. 
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W Plane 


The (W = U + 7V) plane is shown in figure 3 and has 
co-ordinates U (representing flux) and V (representing po- 
tential). The area plotted in this plane is a rectangle 
bounded by the sides (V = 4/2), (V = —1/2), (U = U,,), 
and (U = —U,,). Thus the problem has been further 
resolved into finding the capacitance of an equivalent 
parallel-plate condenser (shown by the heavy lines of 
figure 3) in which fringing is absent and all of the flux 


G PLANE 


passes with uniform density between the inside surfaces of 
the plates. Hence equation (1) may be applied. Since 
the capacitance of this equivalent condenser depends only 
upon the ratio R of plate width to plate separation, the 
separation (equal to potential since the potential gradient 
is uniform) has been arbitrarily chosen as unity, while the 
width or R (equal to flux) is as yet undetermined. 


Transformation Equations 


The functional relationship transforming the vertices 
of any polygon in one complex plane into specified points 
all on one axis of another complex plane may be found by 
solving equation (4). 


z= Af — bE — BE — EO... © — BEE (4) 


The &,’s are the co-ordinates of the 7 points into which the 
n vertices are to be transformed. The exponents (m,) 
are given by m, = (a,/m7) — 1, where the a,’s are the 
angles of the polygon to be transformed. See figure 10. 

Transforming from Z to ¢ and referring to figures la, 
1b, and 2, 


f,=1 mg = (r/2r) —1 = —'/, 
fp = —1 my = (1/2) —1 = —1/, 
5 = Asi mM, = (21/7) -—1 = 1 
fg = —1/ky mg = (2r/r) -1 = 1 
& = 1/k tte = (x/2x) —1 = —1/y 
atin tz = (x/2n) —1 = —1/s 


(¢? — 1/k,*)d¢ 
Z=A!' 
{ WeSees 


This is an elliptic integral and may be treated by formula 


569, reference (7) to give the result, 
Z = AlkE(¢,k) — (ki? — bk?) F(Y,k)] + C 


The arbitary constants A and C may be evaluated by in- 
serting the boundary conditions, 
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Z = 0 when ¢ = sin @ = 0; therefore C = 0 


Z = +j when ¢ = sin @ = +1; therefore A "hi on 
_Ri2E($,k) — (hi? — b) Fk | 
Poe )—- (& ) F(¢,k) (5) 


ke — (ki? — k*)K 


Inserting in equation (5) the additional boundary condi- 
tion, 


' 

For the evaluation of elliptic integrals having upper a 
greater than 1, see reference (8), page 43. 

Inserting in equation (5) the final boundary condition, 

1} 


Z = 0 + j when ¢ = sind = +1/k ; 
the relation, &,;? = 2? K’/E’ results. 


Z=R=+jwhen{t = sing = =+1/h, 


the relation 


_ K’E'(6,k) — E'F'(6,R) 


R 


(E°2 K)K PRE (6) 
results i 
where i 
cai, oe | 

K'(1 — k?) | 


The combination of complete elliptic integrals in the de- 
nominator of equation (6) is identically equal to 7/2, being 
the celebrated formula of Legendre. For a given value 
of the ratio R it is impossible to determine k except by 
trial and error. Values of R have been calculated for 


W PLANE 
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ny values of k between 0.02365 and 1.0 with the results 
wn graphically in figure 4. 

e transformation equation from Z to ¢ becomes, after 
aluating all constants except k which can only be ex- 
essed implicitly as in equation (6), 


= j 2/m [K’E(¢,k) — (K' — E’)F(9,k)] (7) 


Transforming from W to ¢ and referring to figures 2 and 


1 mg = (n/2n) —1 = —/y 
= -1 my = (n/2m) —1 = —1/, 
= 1/k me = (n/2n) —1 = —1/s 
= -1/k my = (x/2n) —1 = —"/s 


ea f dg 
V (2 = 1/k)(2 — 1) 
= BF(¢,k) + C 


serting the boundary conditions, 


0 when ¢ = sin ¢ = 0; therefore, C = 0. 
= +j/? when ¢ = sind = +1; therefore, B = f/2K 


_ ,F¢,) 
—Jor (8) 


iminating (¢ = sin ¢) between equations (7) and (8), 


= 2/x [2(E’ — K')KW + jK'E(am — j2KW,k)] (9) 


alculation of Capacitance 


Corresponding to the given ratio R of plate width to 
ate separation, determine the modulus & from figure 4. 
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From a table of elliptic integrals’? determine the com- 
plete elliptic integral K and the complementary elliptic 
integral K’. 

Since the 2 axes drawn through the origin in figure 3 
represent the zero-potential and zero-flux lines respec- 
tively, the point e represents half of the total flux and half 
of the potential difference between plates. The value of 
¢ corresponding to point e is 1/k, and @ = sin 1/k. 
Substituting this value of ¢ in equation (8), 

K 47K! 
2K 


= 
| 


=U+jV =j 


K'/2K 
1/s 
U/4rV 
K'/40rK 


(10) 


For example: when 


2 

0.02365 = sin 1.355 degrees 
0.99972 = sin 88.645 degrees 
1-571 

5.131 

0.2599 statfarad per centimeter 


Io wd wt wea 


By equation (1) 


C = 0.1592 statfarad per centimeter 


Approximate Formulas 


1. For very large values of R, there is an approximate 
formula due to Bromwich and given by Love,? as follows: 


(11) 


For a value of R = 2, C = 0.2486 which is only 4.35% low. 

2. Maxwell!! obtained a result which is quite similar 
to equation (11) by using condenser plates of semi-infinite 
extent and investigating the field in the vicinity of the 
finite ends. This simplifies the transformation from Z 
to W by eliminating the 4 polygonal right angles at 
a, b, e, and f in figure la and substituting a zero polygonal 
angle where the plates meet at infinity. Maxwell’s result, 
making certain other simplifications which are justified 
for large values of R, is as follows: 


C = R/4n{1 + (1/Rx) [1 + log (1 + 7R)]} 


C = R/4xf{l + (1/eR)(1 + log 2eR)] 


(12) 


3. It has been found that for small values of R (less 
than one), the capacitance of a parallel-plate condenser is 
approximately the same as for 2 round conductors having 
diameters of !/. the plate widths and being separated cen- 
ter to center, by the same amount as the separation be- 
tween the plates. The capacitance in this case is given by 


1 


aes 4 log (4/R) ae) 


Although no mathematical justification for equation (13) 
has been discovered, it has been checked against the exact 
equation at many points and found to be surprisingly ac- 
curate. 

Capacitances of parallel-plate condensers, for values of 
R less than 2, have been calculated from equations (1), 
(10), (11), and (13). The results are shown in figure 5. 
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Field Map 


The Schwartz-Christoffel transformation, in addition to 
supplying an exact method for the calculation of the ca- 
pacitance of a parallel-plate condenser, makes it possible 
to map the entire electric field. One quadrant of the 
field map, for R = 2, is shown in figure 6. The points of 
intersection of the flux and potential lines were calculated 
from equation (9). The increment for both flux and po- 
tential is 1/s. There are 4 potential tubes and approxi- 
mately 13 flux tubes, making the capacitance 


13 


na (4x) 4 


= 0.2599 statfarad per centimeter. 


Any intersection such as point “‘a’’ in figure 6 may be cal- 
culated as follows: 


k = 0.02365 (See figure 4) 

k’ = 0.99972 

K = 1571018 

K’ = 5.131306 

E = 1.570579 

1B! = 1.001295 

[at 0,, = 1/3 = K//2k 1/8 = 1.50812 
V = i/f3 

F(¢,k) = 0.3927 — 74.7386 (equation 8) 

F(¢,k) = 0.3927 + j0.3927 — jK’ 

sin ¢ : sn (u = jK') = 


~ ksn (0.3927 + 70.3927) k sn(u) 
sing = 56.5048 — 750.9732 reference (10) equation 760.1 
E(¢,k) = 1.5375 — 75.1456 reference (8) pages 33, 34, 83 


Jb, 4.37 + 73.99 equation (9) 


Symbols Used in This Paper 


C = capacitance 

w = semiplate width 

d = semiplate separation 

R = ratio of plate width to plate separation 
Z,W,é = complex variables 

x,y = co-ordinates of Z 

U = co-ordinate of W denoting flux 

V = co-ordinate of W denoting potential 
&,n = co-ordinates of ¢ 

A,A’,B,B’,C = constants of integration 

an = angle of polygon in Z plane 

a,b,c,d,e,f = vertices of polygon in Z plane 

ky = arbitrary constant 

k = modulus of ellipite integrals 

k’ = complementary modulus = V/ 1 — k? 
snu = elliptic function 


F(¢,k) = elliptic integral of first kind 
E(¢,k) = elliptic integral of second kind 


K = complete elliptic integral of first kind 

E = complete elliptic integral of second kind 

K’' = complete complementary integral of first kind 
Oy = complete complementary integral of second kind. 
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Effect of Weather Conditions on Energy 
Required for Multiple-Unit Trains 
(Continued from page 362) 


the winter months when due to reduced hours of daylight 
an increased amount of lighting is used in the cars, the ai 
compressors also do more work as the temperature lowe 
and in addition to this is the fact that inclement weather 
increases the standing time at stations requiring more 
traction energy to be used to maintain schedules. 

Between 45 and 20 degrees the increase in kilowatt- 
hours per car mile due to traction which includes a 
auxiliaries, etc., other than heating appeared to be made 
up entirely of the above mentioned causes and there was 
little indication that increased bearing friction or wheel 
flange resistance entered into it. ; 

Proceeding along the curve A it may be assumed that at 
temperatures below 20 degrees any further increase in 
kilowatt-hours per car mile is due to traction and auxili- 
aries other than heating. Commencing at 20 degrees and 
colder the traction energy increases at the rate of 0.75 per 
cent per degree expressed as a per cent of the summer re- 
quirement. 

Assuming that the energy required for heating increases 
at a uniform rate to the point where it is constant and ata 
maximum, the per cent of the total energy consumed which | 
is due to heating may be calculated and this result is 
plotted as curve D. The difference between curve D and 
100 per cent is the percentage of the total energy used for 
traction and auxiliaries other than heating. 


An Analysis of Copper-Oxide Rectifier Circuit 
(Continued from page 360) 


is noticeable departure in wave form between the real 
rectifier and the approximation, as shown by the non- 
sinusoidal shape in figure 5a. However, in these cases, 
the assumption of a constant rectifier is a decided im- 
provement over that of a perfect rectifier. 

An equivalent circuit was established for this constant 
rectifier and its application to various types of loads dis- 
cussed. A few standard circuit analyses were presented 
and the resulting computed wave-forms compared with 
observations. Thus this paper presents a method of 
obtaining the current forms present in a rectifier circuit, 
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ich yields better results than the perfect rectifier 
alization and yet is not much more difficult to use. 
using the equivalent circuit as developed in equation 
nd shown in figures 4 and 8, the series method outlined 


Stout® can be applied to the constant rectifier cir- i,’ 


ts. 


st of Symbols 


= equivalent rectifier resistance to current in the direction CuO 9. 


tg = resistance branch current during conduction 
i¢ = condenser branch current during conduction 
ty’, tr’, tc’ = currents during cut-off 

tp = current through bridge leg acting as D 

tg = current through bridge leg acting as S 

ig’ = current through bridge legs due to e’ 


ll 
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Disturbance 
Duration Recorder 


cussion of a paper by C. H. Frier published 
the September 1936 issue, pages 1025-8, 
| presented for oral discussion at the gen- 
| technical session of the AIEE South 
st District meeting, Dallas, Texas, October 
1936. 


K. Honaman (Bell Telephone Labora- 
ies, Inc., New York, N. Y.): Mr. Frier’s 
yer offers an ingenious scheme for making 
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a record of time durations of the order of 
magnitude of those ordinarily involved in 
voltage surges. As the author has pointed 
out, the ability to measure and record in- 
tervals of the order of magnitude of a few 
cycles to a few seconds is, particularly in 
certain cases, very desirable. It may be of 
interest, therefore, to present an alternative 
method for making such records which 
engineers interested in this problem might 
find helpful. 

The possibility of initiating the operation 
of the recorder by means of an electron tube 
control instead of the contact-making volt- 
meter is one which suggests itself and is 
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recognized by the author in the paper. 
Such a device would have the advantage not 
only of additional speed in operation to 
avoid part of the delay of 1 to 3 cycles in- 
herent in the contact-making voltmeter, but 
also would be more rugged. 

An arrangement for accomplishing this 
could be set up by means of tubes rectifying 
the 60-cycle current from the power line 
using the d-c output against a bias to trigger 
an electron tube with a relay in the anode 
circuit. Such an arrangement would neces- 
sitate the use of a resetting circuit for the 
tube but means of accomplishing this are 
available. A vacuum tube with a marginal 
relay operating in its plate circuit has also 
been suggested. 

In the recording of the duration itself, 
another scheme, the principle of which has 
been suggested by Mr. L. K. Swart, is worth 
consideration. This depends upon the re- 
lationship between the voltage across the 
terminals of a condenser and the time during 
which the condenser has been charged. 
The practical working out of the suggestion 
is accomplished by having the initiating 
device, whether it be a contact-making volt- 
meter or electron tube trigger arrangement, 
connect a capacitor of appropriate size in 
series with a charging battery and a resist- 
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ance at the beginning of the period whose 
duration is to be measured. The size of the 
capacitor and the resistance and the voltage 
of the battery are so proportioned that the 
condenser will not be fully charged for the 
maximum interval to be measured. At the 
end of the interval the capacitor is dis- 
connected from this circuit and switched by 
means of a relay to the grid of a high- 
impedance vacuum tube, in the plate of 
which is inserted a graphic voltmeter. The 
leakage can be made sufficiently small so 
that the graphic voltmeter swings to a point 
corresponding to the voltage of the capacitor 
which, in turn, bears a definite relation to 
the time interval during which it has been 
charged. Thus the graphic meter can be 
made to indicate the time at which the surge 
took place and by means of its deflection, the 
duration of the disturbance. The deflec- 
tion would be calibrated in units of time. 
By means of electron-tube circuits and fast 
relays the delay in connecting and dis- 
connecting the capacitor and the charging 
circuit can be made as low as the order of 
1/. cycle (0.008 second). 

If, in such an arrangement the charged 
capacitor were left connected to the grid of 
the low-leakage vacuum tube, the graphic 
meter would continue to read for a con- 
siderable period, this reading falling off 
slowly as the leakance of the circuit dis- 
charged the condenser. This falling off can 
be made so slow that the voltage will be re- 
duced only a negligible amount in a minute. 
It is only necessary to maintain the charge 
long enough to permit the graphic meter to 
record the deflection, and relay circuits 
would be arranged to short circuit the 
capacitor after a sufficient interval has 
elapsed to give a satisfactory deflection. 
This interval can be arranged to suit the 
characteristics of the graphic meter itself. 

It should be noted that the ability of this 
instrument to measure successive surges 
would depend upon the rate at which the 
graphic meter chart is moved, It could not 
differentiate between surges closer together 
than the time interval required to move the 
paper a distance sufficient to separate the 
pen traces. 


Electrical Features of the 
Texas Centennial Central Exposition 


Discussion and author's closure of a paper by 
John Fies published in the October 1936 
issue, pages 1060-74, and presented for oral 
discussion at the general technical session of 
the AIEE South West District meeting, Dallas, 
Texas, October 26, 1936. 


C. M. Cutler (nonmember; General Elec- 
tric Company, Cleveland, Ohio): The 
architecture is modern in character but still 
reflects some of the feeling of the old Span- 
ish missions of Texas. The texture of the 
wall surfaces is similar. The effect depends 
principally upon mass, form, painted decora- 
tion, and sculpture. The fact that the ma- 
jority of the buildings are to be used for sub- 
sequent state fairs and regional expositions 
made it desirable to use a method of illumi- 
nation which would allow the equipment to 
be removed during the time the exposition 
is not in use and store it. The lack of main- 
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tenance and protection during the large 
part of the year when the buildings would be 
unoccupied made it rather impractical to 
use many of the newer forms of architec- 
tural elements, such as recesses, panels of 
translucent materials, etc., except in a few 
cases. Consequently, the logical method 
of illumination is principally floodlighting 
with the units located in specially designed 
pits, concealed behind landscaping, in- 
stalled in setbacks, or placed in towers. 
In all cases however, lighting was particu- 
larly designed for each building. 


W. E. Folsom (nonmember; Dallas Power 
and Light Company, Dallas, Texas): In- 
terior lighting in Centennial areas of im- 
portant buildings uses on the average, over 
4 watts per square foot. This is in a com- 
bination of indirect and controlled direct 
lighting systems—the latter in the form of 
recessed reflectors with either flush louvers, 
silver-bowl lamps, or diffusing glass panels. 
Louvers are of either concentric or geo- 
metric types designed in general with light 
cut-off of about 30 degrees from vertical. 
Silver-bowl lamps are effectively used in 
shallow recessed reflectors with com- 
paratively wide openings. The several 
thousand reflectors used in exposition areas 
are for the most part of special design, spun 
of aluminum with etched or specular re- 
flecting surfaces made lasting by the Alzak 
treatment. Reflector units are of 5 general 
types with a large variety of assemblies 
possible and providing desirable inter- 
changeability. 

The effectiveness of the many types of 
interior and exterior lighting units was not 
left to chance—but tested in a lighting 
laboratory established for the purpose. 
Spectacular effects were experimented with 
thoroughly before final designs were de- 
termined. 


G. M. Buchanan (nonmember; General 
Electric Company, Dallas, Texas): The 
absence of windows in the exhibit buildings 
is worthy of comment. An inspection of 
the Centennial in the daytime will reveal 
the desirable artificial lighting in the exhibit 
buildings. A much more pleasing effect is 
secured by all artificial lighting than could 
be secured by a combination of varying day- 
light and artificial lighting. 

Mr. Fies stated for interior lighting 2 to 
20 watts per square foot is used, giving a 
maximum of 40 foot candle. Some of you, 
not directly concerned with the application 
of good lighting, may not realize what this 
means in view of the fact that most of the 
lighting is indirect. You note the desira- 
bility and excellent lighting jobs on the 
interior of the exhibit buildings. 

I want to call your attention to the 870 
kw of mobile colored lighting on ‘‘Esplanade 
of State.’’ This is an outstanding installa- 
tion and the night show place on the Cen- 
tennial grounds. A national expert in ex- 
position lighting remarked as he viewed the 
“Esplanade of State’? at night—‘‘this, in 
my opinion, has never been equaled in any 
installation.’’ I have often been asked how 
it is that the tower on the Federal Building 
is so evenly illuminated from top to bottom. 
The answer is 8 watts per square foot as 
mentioned in Mr. Fies’ paper. The average 
intensity is 50 foot candle which is so high 
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for floodlighting that any variation in in- 
tensity from top to bottom is not noticeable, 
The parapet on the Ford Building has 15 
watts per square foot or approximately 109 
foot candle and is visible a great distance 
at night. In the Ford Building the day- 
light effect secured by the combination in- 
candescent and mercury lamps used for 
the interior lighting is very interesting, 
The permanent street lighting system as 
installed by the city and exposition is un- 
usual in that it is economical to maintain, 
yet has an entirely different appearance 
from the conventional street lighting stand- 
ard, and this feature is particularly desira- 
ble in expositions. An opportunity to 
view the exposition grounds from a distance 
at night will show the desirable effect created 
by the battery of 24 36-inch searchlights. 
These searchlights make the exposition 
visible from a great distance at night and 
with the color screens offer a suitable climax 
to the lighting system when viewed from 
inside the grounds. } 


R. W. Roessler (Westinghouse Electric & 
Manufacturing Company, Dallas, Texas): 
The author is to be commended on his most 
interesting paper on the electrical features 
of the Texas Centennial Central Exposition. 
The exterior and interior lighting of all the 
buildings within the Centennial grounds 
definitely proves that full co-operation be- 
tween the illuminating engineer and the 
architect is essential; and in this case, re- 
sulted in an outstanding lighting spectacle. 

Illumination of the streets and grounds 
of the expositon indicates that careful study 
was given to provide adequate lighting and 
still blend in with the building architec- 
ture and other surroundings. It is interest- 
ing to note the clever manner in which the 
different street and grounds lighting fixtures 
were designed and placed, eliminating clash- 
ing effects. The lighting and power distri- 
bution system of the Centennial Exposition 
in itself shows thoughtful planning and 
good engineering. The magnitude of this 
system can only be realized when we note 
that the demand varies from 8,200 to 9,000 
kw and that the system handles approxi- 
mately 2,600,000 kilowatt-hours per month. 
The type of load served, the importance of 
uninterrupted service, and all other demands 
on this system are even more exacting than 
those of a fair sized municipality requiring 
the same kilowatt demand. 


A. E. Allen (General Electric Company, 
Dallas, Texas): There is one point that 
seems worthy of additional emphasis, and 
that is the figure of 1.5 watts per square foot 
connected load for the entire exposition. 
This may not seem very much, but it is 
greater than for any previous world’s fair. 
Some of this increase may be attributable 
to the large use of air conditioning by the 
major exhibitors, but lighting did not suffer 
by diversion of current for air conditioning, 
for this exposition, in my judgment, is 
outstanding in its lighting effects. Chi- 
cago’s Century of Progress was remembered 
for its extensive use of gaseous tube lighting, 
and the Texas Centennial Exposition may 
be remembered for its large scale of mobile 
color lighting. The combination of the 
electronic valve with saturable core reactors 
makes possible a perfect control for blending 
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id changing color effects. The huge 
ower loss formerly experienced in the use 
resistance dimmers is avoided, and the 
mtrol is so flexible that the colors may be 
1anged without reducing the intensity of 
zht on the building. The colors may be 
ixed to produce lovely pastel shades, and 
lended into innumerable combinations, or 
rimary colors used as desired. There is 
ttle doubt that an even greater use of 
obile color lighting will be made in the 
‘(positions planned for New York and for 
an Francisco in 1939. 


I. C. Hughes (Texas Agricultural and 
[echanical College, College Station): Un- 
ss I am mistaken, I believe that the in- 
undescent electric lamp was not used at 
1e Paris Exposition of 1881. I wonder 
hether or not Mr. Fies, in this connection, 
as referring to arc lights as incandescent 
thting rather than the Edison carbon lamp 
hich was generaly referred to as incan- 
escent lighting. According to my informa- 
on, illumination at the Paris Exposition 
1881, in so far as it was electrically lighted, 
as produced by the arc lamp. 

If I am mistaken in this matter, I should 
ke very much to be corrected, because it 
ems to me that the history of the early 
ses of light should be kept as straight as 
assible. 


9hn Fies: These discussions, in the 
ithor’s opinion, are all well founded and 
ymntribute materially to the value of the 
aper. The author herewith expresses his 
opreciation of all discussions submitted 
ad offers the following comments as a 
osure to the discussions. 


In Mr. Cutler’s discussion reasons for 
1e types of lighting and architecture are 
entioned. These reasons should be of 
articular interest to those who may be- 
yme associated with this field of lighting. 
le regret that space in the paper did not 
srmit details of the interesting engineering 
‘oblems. 


In Mr. Folsom’s discussion it is pointed 
it that the lighting as seen at the Exposi- 
on has proved to be a definite stimulus to 
ie lighting business, particularly within 
ie area of less than a day’s ride from Dallas. 
his is important. It is a challenge to the 
lilders of future fairs to provide lighting 
' types that will afford such a definite 
imuli. 

In Mr. Buchanan’s discussion, reference 

made to artificial versus natural light. 

Te find some natural light on the Natural 
esource Exhibit in the Transportation 
uilding at the Exposition. This is an 
cellent exhibit but an illumination man 
viewing it is well aware of how much more 
fective it would have been had it been 
esented in artificially lighted cases. No 
iticism is offered, as this exhibit is a re- 
arkable exhibit, assembled quickly, and 
nsequently was too late to be incorporated 
the lighting plans. 


In Mr. Roessler’s discussion, reference 
as made to the importance of uninterrup- 
d service. The local power company was 
ven the responsibility of providing re- 
ble electric service to the 38 points of 
livery. From the beginning of the Fair 
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to date there have been no primary inter- 
tuptions of consequence. When we con- 
sider that all branch secondary feeders have 
their source at the mentioned points of 
delivery it becomes evident that if primary 
service is reliable then practically all ser- 
vice is reliable and troubles are necessarily 
restricted to small circuits and small areas. 
There have been, to date, no complaints 
relative to continuity of electric service. 


e. In Mr. Allen’s discussion, reference is 
made to the figure 1.5 watts per square foot. 
This figure is conservative and is based 
upon gross area. If we exclude from our 
figures certain areas used for stables for 
Cavalcade horses and for storage of mis- 
cellaneous material, that is, areas not ac- 
cessible to visitors to the Exposition, we 
would have to propose a figure in excess of 
2 watts per square foot for 145 acres. 


f. Professor Hughes is his discussion men- 
tioned that my reference to the use of in- 
candescent lamps at the Paris Exposition 
in 1881 might be questioned. The author 
agrees with Professor Hughes that such a 
statement should be further supported when 
it pertains to past history and when it may 
not agree with generally accepted informa- 
tion on the subject. It may have been bet- 
ter had the paper stated that the incan- 
descent lamp was “‘shown on a relatively 
large scale’ rather than ‘‘used,” yet the 
showing may also have constituted the 
using although the arc light was undoubtedly 
used extensively. The statement used in 
the paper was based upon a paragraph found 
in a very excellent and carefully written 
book ‘‘Electricity at the Columbian Exposi- 
tion” copyrighted in 1894 and written by 
John P. Barrett, Chief of Department 
(probably electrical), Columbian Exposition, 
Chicago, 1898. It is reasonable to expect 
that Mr. Barrett had assembled by 1898 
considerable authentic information relative 
to the use of electricity at expositions prior 
to that date, hence, we owe him our con- 
fidence in the credibility of the statement 
contained in his book as follows: 

“Between 1878 and 1881 so many improvements 
had been made in the utilization of the electrical 
current for lighting purposes, and so great was the 
public interest in the subject, that the ever memo- 
rable electrical exposition of 1881 was held at the 
Palais de l’Industrie. It was then that incandescent 
lighting was first shown on anything like a large 
scale, and formed with the telephone the chief 


element of success for that exposition. Arc lighting 
was also indulged in commercially.” 


Experiences With a 
Modern Relay System 


Discussion and author’s closure of a paper by 
G. W. Gerell published in the October 1936 
issue, pages 1130-6, and presented for oral 
discussion at the general technical session of 
the AIEE South West District meeting, Dallas, 
Texas, October 28, 1936. 


Robert Treat (General Electric Company, 
Schenectady, N. Y.): This paper brings 
out very convincingly the great value of 
records obtained by means of an automatic 
oscillograph to an operator who is deter- 
mined to keep his system in the pink of 
condition, so to speak, without at the same 
time incurring large and unjustifiable ex- 
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penditures. The many ways in which 
oscillographic records of accidental system 
disturbances can be of value to the operator, 
may roughly be classified into 5 groups. 


1. CoNTINUING CHECK ON THE TIMING 
AND CORRECT OPERATION OF RELAYS AND 
Circuir BREAKERS 


Early in our studies of power system in- 
stability, it became apparent that a major 
improvement in stability could be obtained 
at relatively low cost by keeping the dura- 
tion of short circuits to a minimum. Asa 
result, high-speed clearing of faults began to 
be used on new projects; and many existing 
breakers and relays were speeded up in 
order to improve system performance during 
transients caused by short circuits. It was 
realized that if the stable operation of the 
system were to depend on high-speed clear- 
ing of faults, it would certainly be very de- 
sirable that the operator should have avail- 
able a means for knowing absolutely that 
faults were actually being cleared in the ex- 
pected times. There was no way of being 
sure that relays and breakers would perform 
in the same way during accidental short 
circuits that they did during periodic tests of 
individual devices. Hence it appeared de- 
sirable to secure a check on breaker and 
relay performance during actual operation. 
The time intervals which it was necessary 
to measure were very small, since the entire 
short circuit might last only 6-8 cycles. 
The only solution seemed to be an auto- 
matic oscillograph which should be capable 
of starting its record at the very beginning 
of a short circuit. 

With some misgivings on the part of the 
commercial department, the General Elec- 
tric Company undertook the development of 
such an oscillograph. The general specifi- 
cations were in part as follows: 


a. It must be capable of being put into operation 
automatically by a system disturbance. 


b. It must furnish a clear, usable record, which 
began within !/2 cycle of the incidence of the short 
circuit. 


c. It must run for an adjustable predetermined 
time, but it must continue in operation if the initi- 
ating cause still existed at the end of that time. 


d. It must be so designed as to obviate the neces 
sity for changing the film or paper after each record 
was made; but it must also be possible to remove 
each record immediately if desired. 


e. It must be so simple to operate, adjust, and 
maintain that it could be installed in power sta- 
tions and substations, and operated and serviced 
by men who had no previous experience with oscil- 
lographs. 


f. It must be priced so that operators would feel 
that they could afford to use it. 


All these specifications were met. Al- 
though this device was not put on the 
market until early in the depression, nearly 
50 of them made by one manufacturer alone 
are now yielding useful and valuable in- 
formation of accidental system disturbances 
such as described by the author of this paper. 


2. EvIDENCES OF SySTEM INSTABILITY, 
AND OF THE APPROPRIATE REMEDY 


Oscillograms of system disturbances are 
helpful in indicating any tendency of the 
system to become unstable during or subse- 
quent to accidental faults. Since the likeli- 
hood of instability increases with system 
load, this should be very important now that 
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utility loads are again increasing so rapidly. 
When it becomes necessary to bolster up the 
system stability, oscillograms of part dis- 
turbances will often yield valuable informa- 
tion which aids greatly in making an intelli- 
gent decision as to which remedial measures 
will be the most effective per dollar of 
expenditure. 


3. CHECK ON STABILITY CALCULATIONS 


Many calculations have been made of the 
probable performance of systems from the 
stability standpoint. Although the back- 
ground of this phenomenon is now well 
understood, and the results of stability cal- 
culations made today contain little of the 
guess work which entered the computations 
made even as recently as 7 or 8 years ago, it 
is still desirable to obtain a check on the 
assumptions and calculations. Checks ob- 
tained by means of staged tests are not 
altogether satisfactory for the reason that it 
is undesirable that these tests should cause 
disturbances to service. This necessitates 
their being made, if at all, under artificial 
conditions (such as during light load or with 
considerable reserve generating capacity 
connected) which seldom, if ever, exist dur- 
ing normal operation. Oscillograms of acci- 
dental system disturbances, however, yield 
data which serve as a very satisfactory 
check on the results of stability calculations. 
Obviously a complete check cannot be ob- 
tained from any one disturbance and it is 
necessary to accumulate the data over a 
considerable period in order to get a fairly 
complete comparison of predicted with 
actual performance. 


4. INFORMATION CONCERNING THE VALUES 
AND PHASE POSITIONS OF THE VOLTAGES 
AND CURRENTS OF THE 3 PHASES, AND 
CONCERNING THE SUDDEN OR MOMENTARY 
CHANGES IN THESE VALUES 


Practically every relay engineer is occa- 
sionally faced with seemingly inexplicable 
misperformance of his relays. Sometimes 
relays do not trip when they should; more 
frequently they trip when apparently they 
should not. Subsequent tests of the offend- 
ing devices frequently reveal no reason for 
their apparent misbehavior. As pointed 
out by the author of this paper, the auto- 
matic oscillograph shows that the currents 
and voltages in individual phases sometimes 
jump around in magnitude and phase posi- 
tion during faults and subsequent breaker 
operations in a most unexpected and ap- 
parently erratic manner. From this infor- 
mation it is learned that some of the ap- 
parently incorrect relay operations were, in 
reality, absolutely correct under the con- 
ditions which existed; but that the conditions 
themselves were entirely different from those 
contemplated when the relay application 
was made. While this may be of only 
academic interest when the relay engineer 
has to explain to his boss why the relaying 
went haywire, it is of far more than aca- 
demic interest when he has to decide what 
ought to be done about it. 


5. REDUCTION IN THE TIME OF A PATROL 
CREW IN LOCATING A FLASHOVER AFTER 
AN OUTAGE 


Even though a line successfully returns to 
service immediately, some operating com- 
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panies make a patrol after every outage, in 
order to determine whether the damage is 
sufficient to require maintenance at some 
convenient time. As pointed out by the 
author of this paper, his company and some 
others have found that it is possible from 
the information on the oscillograms to de- 
termine very closely where the failure oc- 
curred, and thus save much time of the 
patrol crew. Although the author gives no 
indication of the saving in patrol expense 
resulting from this practice, it is suspected 
that this item alone, which was quite un- 
foreseen when the development was first 
undertaken, is sufficient to justify an auto- 
matic oscillograph. If this be true, all the 
other advantages are obtained for nothing. 

Some companies have found that the dam- 
age from any single flashover is so slight that 
they do not feel warranted in patroling a line 
after each interruption; rather, a thorough 
inspection is made at the end of each season. 
It seems entirely probable that if these com- 
panies had this means of sending the patrol 
crew right to the point of flashover, they 
would feel justified in availing themselves 
of the additional security of an inspection 
after each line outage. 

The prominence given to the value of 
oscillograms of accidental system disturb- 
ances in this paper is indeed gratifying to 
one who was partially instrumental in en- 
couraging the original development, and 
who has strongly felt that the information 
yielded by an automatic oscillograph was 
worth far more than its cost. Although 
many companies which have not yet in- 
stalled automatic oscillographs are inclined 
to look upon them as luxuries, which, how- 
ever desirable, can ill be afforded when they 
can hardly get money enough for necessary 
bread and butter, I do not know of a single 


operating company which has ever bought 
an oscillograph, that could be induced to 
part with it for several times the price paid, 
if it could not be replaced. I suppose the 
psychology is the same as with an electric 
refrigerator, or an automobile—it is a luxury 
until you get your first one; after that, it isa 
necessity which you are ever after at a logs 
to understand how you did without, so long, 


G. W. Gerell: Concerning Mr. Treat’s 
remarks it might be noted that automatic 
oscillographs, as available today, are quite 
reliable, and in general do meet the specifica- 
tions which he imposed. 

In regard to system instability, records 
obtained from the oscillograph have shown 
definitely that a number of incorrect opera- 
tions have resulted from instability and have 
further indicated remedial steps necessary in 
the relay equipment to prevent its repeti- 
tion. 

It may be well to mention here that the 
case of trouble described in connection with 
the oscillogram of figure 3 of the paper was 
included, to open up this important subject 
of, “how fast a relay may operate and still 
give a correct tripping impulse.’ It is sug- 
gested that considerable thought should be 
given to this. 

As Mr. Treat mentions, the location of 
line faults from data supplied by the oscil- 
lograph has been of great assistance to the 
patrol crews. But, it will not necessarily 
reduce patrol expense, inasmuch as the 
patrol crews cannot be reduced in number. 
In many instances patrol crews have in- 
spected a line, finding nothing. Later the 
location was given them from the data 
secured from the oscillograph. A second 
patrol was invariably successful. 


Steinmetz Painting Presented to High School 


An oil painting of Doctor Charles P. Steinmetz (A’90, M’91, F’12, past-president, de- 
ceased October 26, 1923) has been presented by the General Electric Company to a new 


$3,000,000 high school in Chicago, Ill., that has been named for the scientist. 


The painting 


shows Doctor Steinmetz at his desk about 3 months before his death, and is the work of 


H. M. Mott-Smith. 


It was presented by E. W. Allen (A’03, F’22) vice-president of the 


General Electric Company, who is shown at the extreme left with Mayor Edward J. Kelly 


of Chicago at his side. 


At the right is Daniel F. O’Hearn, principal of the school, and 


Theodore Luga,a student and son of an immigrant, who accepted the gift for the school. 
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ERMED by President A. M. MacCut- 
eon, ‘‘one of the busiest, most stimulating, 
d most interesting’? conventions that he 
d ever attended, the Institute’s 1937 
nter convention drew to a close with a 
tal registration of 1,165. Perhaps one of 
e busiest attendants at the convention 
is President MacCutcheon himself. An 
usually large number of committee 
etings was held, and for the first time the 
ard of directors met on 2 successive after- 
ons during convention week. 

Details concerning registration and at- 
ndance are given in the accompanying 
bulations. Although the total registra- 
yn was somewhat less than last year’s total, 
e attendance at various sessions and 
tivities was good and in some cases ex- 
eded last year’s attendance. The drop 
registration, as may be noted from an 
companying tabulation, was primarily 
10ng those from the New York Section 
rritory for which the registration was 
less than last year. Another interesting 
st, shown by another tabulation is that 
e attendance at the smoker, which is 
lieved to have set a new record, was 
gher than the number registered. This 
evidence of the fact that many attended 
e convention who did not register, so that 
e actual total attendance was somewhat 
pher than the registration figures show. 
Details concerning the various features 
the convention are given in the following 
ragraphs and on subsequent pages. 


OBLE PRIZE PRESENTED 
AT OPENING SESSION 


The convention was officially opened at 
p.m. on Monday, January 25, by C. R. 
sardsley, chairman of the general winter 
nvention committee, who extended a very 
rdial welcome to all those attending. 
lowing his remarks, President Mac- 
1tcheon announced that the Alfred Noble 
ize for 1936 had been awarded to Abe 
lles, instructor in electrical engineering at 
e University of California, Berkeley, and 
unselor of the Institute’s University of 
ifornia Branch. (Details of this award 


H. S. Osborne, chairman, technical program committee, speaking on the technical sessions at 


the opening session of the convention. 


Seated on the platform, left to right, are Director 


R. W. Sorensen, of Pasadena, Calif.; President A. M. MacCutcheon of Cleveland, Ohio; 
H. R. Beardsley of Brooklyn, N. Y., chairman of the winter convention committee; and A. G. 
Oehler, chairman of the New York Section 


and a biographical sketch of Doctor Tilles 
appeared in the news pages of the January 


issue.) President MacCutcheon outlined © 


briefly the details of the award and sketched 
the recipient’s career. 

In Doctor Tilles’s absence, the prize was 
presented to R. W. Sorensen, professor of 
electrical engineering at the California In- 
stitute of Technology, Pasadena, and a di- 
rector of the AIEE, who accepted it in be- 
half of Doctor Tilles. 


PRESIDENT MacCuTcHEON’s ADDRESS 


Following presentation of the Noble 
prize, Chairman Beardsley introduced Presi- 
dent MacCutcheon, who spoke on the sub- 
ject ‘“‘The Challenge of 1937.” In this ad- 
dress, President MacCutcheon amplified his 
message to the membership published in the 
February issue. He emphasized particu- 
larly the importance of increased activity 
on the part of the Sections and Branches 


Analysis of Registration at 1937 Winter Convention, New York, N. Y. 
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during 1937, urging that each Section ap- 
point at least one technical committee. 
“Such Section technical committees,’’ he 
said, ‘‘can develop subjects of unusual in- 
terest, and recommend authors of unusual 
ability, reporting to the national technical 
committee having jurisdiction. Among our 
membership are many potential authors who 
would be willing to devote their time to the 
preparation of a paper desired by the profes- 
sion and asked for by fellow Section mem- 
bers. Such papers, when published, would 
be accompanied by proper recognition to the 
Section submitting the paper. By this 
means the technical activities could be 
made more widely representative, and more 
fully meet the desires of the membership. 

“T feel that the Institute has reason to 
be truly proud of the fine work being carried 
on through the Branch organization, but 
still more can be accomplished in 1937. 
With the young men in the Branches lies 
the future of the profession and the future 
of the Institute... . 

Concerning the movement under way to 
broaden the activities of the Institute, Presi- 
dent MacCutcheon said: ‘In 1936, many 
devoted Institute members, several special 
committees, and the board of directors have 
canvassed possibilities in connection with 
broadening the scope of Institute activities. 
Should papers be prepared and presented 
dealing with the relations of the engineer to 
society, with the engineer’s relation to war, 
with the engineer’s relation to the distribu- 
tion of electrical products, with the engi- 
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neer’s relation to unemployment, with the 
engineer’s relation to natural resources? 
Personally, I feel that there should be a sane 
and intelligent broadening of our activities, 
provided that in so doing we are following 
the fundamental principles for which the 
society was organized... .” 

He closed by urging ‘‘each member .. . to 
join with the vice-presidents, the other di- 
rectors, and myself, in the resolve to do all 
in our power to meet the inspiring challenge 
of 1937.” 


Docror OSBORNE’S REMARKS 


Following President MacCutcheon’s ad- 
dress, H. S. Osborne, chairman of the In- 
stitute’s technical program committee, 
spoke as follows on the technical sessions of 
the convention: 

“Tn preparation for such a convention as 
this, the technical committees and the tech- 
nical program committee consider the whole 
wide range of the professional activities of 
Institute members. From the various sug- 
gestions which are developed by this review 
a program is adopted, based upon the com- 
bined judgment of these-committees regard- 
ing what at the moment will be of greatest 
interest and value. 

“One feature of this convention, as well as 
other recent conventions, to which I should 
like to call your attention is the technical 
conferences. As you will note there are 4 


Analysis of Registration at Recent Winter 
Conventions 
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nical conference might be defined as a meet- 
ing without the publication of papers. 
Since these conferences involve very little 
expenditure, it would be practicable to hold 
a large number of them in connection with 
our conventions if they are desired by the 
membership. Many such conferences 
might lead up to the future publication of 
papers summarizing the outcome of the con- 
ference or of a series of conferences. The 
appearance of these conferences on the pro- 
gram is an illustration of the fact that the 
technical program committee is experiment- 
ing with new methods of expanding and en- 
riching the technical activities of the Insti- 
tute. 

“The fact is that the field of activity 
which is described in our Constitution as 
“the theory and practice of electrical engi- 
neering and of the allied arts and sciences” 
is rapidly growing. As a result of this vi- 
tality it is natural that there should always 
be a problem of how best to meet the varied 
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interests and desires of the Institute mem- 
bership. It has been suggested that some 
members would like to see more attention 
given in Institute programs to subjects of 
broad general interest, particularly to sub- 
jects in which engineering and the social 
sciences are both involved. Also, we know 
that some members would like to have more 
opportunity for discussion at the Institute 
meetings of specific subjects on the frontier 
of technological advance. While such sub- 
jects from their nature would often, taken 
individually, be of immediate interest only 
to a relatively small number of members, 
taken in the aggregate they may be of in- 
terest to a large number. 

“These considerations illustrate the de- 
sirability of a careful review of the Institute 
program having in mind the wide scope of 
interest of the Institute membership and 
also the limitations in the amount of money 
which can be spent. This whole question 
is being carefully studied by the committees 
most directly concerned. I speak of these 
matters here to ask your help as members 
of the Institute. If you have ideas regard- 
ing the programs of future meetings which 
you think will help the Institute to meet in 
the broadest and most satisfactory way the 
needs of the membership, please give these 
suggestions to any member of a technical 
committee or of the technical program com- 
mittee. I know that these will be helpful 
to them. It may not be possible to apply 
all such suggestions but I assure you that 
they will all be gratefully received and care- 
fully considered.” 

Following Doctor Osborne’s remarks, the 
first technical sessions of the convention 
assembled. 


TECHNICAL SESSIONS 


With the exception of the sessions on elec- 
tric welding and tensor analysis, reports of 
the technical sessions are not given here since 
all papers presented have been published in 
ELECTRICAL ENGINEERING, and since all 
written discussions approved by the tech- 
nical program committee will appear in sub- 
sequent issues. At the session of welding, 
only one previously published paper was 
presented, the remainder of the program 
including a demonstration lecture and a spe- 
cial address. The tensor sessions, included 
several informal discussions by invited non- 
member guests. Brief reports of these 2 
sessions are given on succeeding pages. 

Attendance at the technical sessions, as 
reported by the technical program com- 
mittee, is given in an accompanying tabula- 
tion. The count in each case was an in- 
stantaneous one taken about 1!/) hours 
after the session began. The total attend- 
ance at any one of the sessions may have 
been somewhat greater, if those who stayed 
for only a brief interval were included. 


TECHNICAL CONFERENCES 


As mentioned by Doctor Osborne in his 
remarks at the opening session of the con- 
vention, 4 technical conferences were held 
on the following subjects: education; net- 
work analysis and synthesis; sound; and 
performance standards and test codes for 
rotating machinery. All these conferences 
were featured by interesting informal dis- 
cussions. At some of them official actions 
were taken by the sponsoring committees. 
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| 
Brief reports of these conferences are given 
on succeeding pages. 


ADDRESS ‘‘POWER AND PEOPLE” 


Following the Edison Medal presenta- 
tion ceremonies, which took place at a spe- 
cial session of the convention on Wednesday 
evening, January 27 (reported in succeeding © 
pages), an address entitled ‘Power and 
People’ was delivered by John C. Parker, 
vice - president, 
Consolidated 
Edison Com- 
pany of New 
York, Inc., to 
those assembled 
for that occa- 
sion. Doctor 
Parker pictured 
the place of 
power, particu- 
larly electric 
power, in the 
lives of people. 
Speaking of the 
work of engi-— 
neers, who pro- 
vide the mech- 
anisms _ neces- 
sary for the furnishing of power in usable 
forms, he said: ‘““The engineer does not live 
a life of isolation, but on the contrary works 
with and through other men. Hiswork,... 
involves understanding of, and adjustment 
to and co-operation with other men. . . His 
work is definitely more social than that of the 
physician or of the lawyer or of the minister 
of souls or of the exponent of the creative arts, — 
each of whom, in a large degree, works as 
an individual. In that very fact, however, 
the engineer has at once a satisfaction and a 
limitation of his social contacts. With 


Doctor Parker speaking 
on ‘‘Power and People” 


Attendance at Technical Sessions and 


Conferences 
Time Attendance 
Monday 
2:00 p.m. Opening of convention 250 
Technical Sessions 
2:30 p.m. Communication 200 
2:30 p.m. Selected subjects 100 
Tuesday 
10:00 a.m. Power transmission 250 
10:00 a.m. Tensor analysis 125 
2:00 p.m. Tensor analysis 115 
2:00 p.m. Power distribution 125 
Wednesday 
10:00 a.m. Induction machinery 50 
10:00 a.m. Protective devices 350 
2:00 p.m. Synchronous machinery 70 
2:00 p.m. Electronics 100 
Thursday 
10:00 a.m. Electrical machinery 85 
10:00 a.m. Electrophysics 125 
2:00 p.m. Instruments and measurements 100 
2:00 p.m. Electric welding 110 
Technical conferences 
Wednesday 
10:00 a.m. Committee on education 50 
2:00 p.m. Networkanalysisand synthesis 75 
2:00 p.m. Noise conference 20 
Thursday 
2:00 p.m. The performance standards, 
synchronous machinery, in- 
duction machinery, and d-c 
machinery test codes 18 


Total registered convention attendance...... 1,165 
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er men, largely of identical or at least of 
ely related interests and limitations, he 
is satisfaction for his desires for human 
tact and such satisfaction easily enough 
preoccupies his time that he can easily 
of social understanding of the people 
9m his profession serves or of the social 
lificances of his own work... .”’ 

In consequence of engineering remote- 
s, we perhaps become obsessed with the 
inical beauties and interests of our work 
| with the 
nan problem 
>o-ordination 
h our fellows 
sreation and 
Ss some per- 
ctive of how 
works touch 
the larger in- 
sts of soci- 
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Soncerning 
public’s in- 
2st in power, 
ctor Parker 
i) in ~©part: 
here is a 
eral public 
srest in the 
oblems of 
ver produc- 
1 and distri- 
jon that is 
y out of proportion to any significance 
t even so important an art has in the 
irs of men. This would be puzzling if 
were only a recent phenomenon. It is 
the less disturbing because of the fact 
t it has been developed over a period of 
rs by an ill-considered but perfectly 
lest enthusiasm which has mistaken si- 
Itaneity of occurrence for a relation of 
ise and effect.”’ 
jpeaking of power in industry, he said: 
merican industry did not set out with the 
a of trying to apply power to industrial 
duction and thereafter discover the 
ans for utilizing power.... The power 


E. R. Thomas, chairman 
of the inspection trips 
committee 


\ttendance at Special Features of Recent 
Winter Conventions 
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Future AIEE Meetings 


North Eastern District Meeting 
Buffalo, N. Y., May 5-7, 1937 


Summer Convention 
Milwaukee, Wis., June 21-25, 1937 


Pacific Coast Convention 
Spokane, Wash., Aug. 30-Sept. 3, 
1937 


Middle Eastern District Meeting 
Akron, Ohio, Fa!l 1937 
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industry saw a commercial opportunity and 
observed a social responsibility... .’’ Later, 
he compared the importance of power in 
industry with that of design for production, 
modern materials, machine tools, use of 
tolerance limits, interchangeability of parts, 
standardization, the use of limit gauges. 
“All of these elements put together,” he 
said, ‘“‘might have accomplished nothing had 
it not been for the superb achievements of 
distribution which have brought the end re- 
sults of industry to the final user. 

“Note well that every one of these ele- 
ments. . . has been essential to modern in- 
dustrial life as we know it; even more than 
that, has been essential to modern non- 
industrial living. Our enthusiasm for one 
of, these elements in which we may happen 
to be particularly interested—let us say, 
power—should not run away with our sense 
of proportion. On the contrary, it seems 
to me that our pride in our own service be- 
comes greater if we have an adequate pic- 
ture of where it fits in as an essential and 
considerable element of something enor- 
mously bigger than itself.’ 

Regarding the place of electricity in home 
and farm life, Doctor Parker said in part: 
“We need not be at all deprecatory of the 
importance of our power developments as 
service to the home or to the farm merely be- 
cause we may be realistic in our apprehen- 
sion of the fact that many other things enter 
into life and that the life is more than meat 
and the body more than raiment. It is 
understandable, though not by virtue of 
that at all defensible, that the specialist 
should develop an unrestrained enthusiasm 
for his particular field of human endeavor 
and that his extreme loyalty might com- 
municate his zeal to others. What is not 
perhaps quite so clear is that economic, so- 
cial, and political injuries may result from 
these widespread and exaggerated enthu- 
siasms. Not alone as a matter of humane 
consideration, but in self defense against 
the reactions of disappointed hope, we must 
be at pains not to arouse desires that we 
cannot gratify or which, gratified, will be 
found not all that the body or the soul of 
man craves.” 

“Important as is power as an adjunct to 
factory, farm and home,” he concluded, “‘it, 
in and of itself, will not revolutionize life. 
We are, in our most profound relations, 
biologic creatures and all the conscious 
mechanical and technical efforts in the 
world are small factors in determining the 
essential well-being of our lives. To the ex- 
tent that we have made our lives in their 
superficial details depart from our biologic 
origins, we find the mechanisms of living 
important. They will be the more impor- 
tant if our perspective keeps them in the 
proper relation to the other elements of 
living and to life itself.”’ 

Full text of Doctor Parker’s.address ap- 
pears on pages 305-11 of this issue. 


INSPECTION TRIPS 


As in previous years, the last day of the 
convention was reserved entirely for inspec- 
tion trips. Trips were held also on other 
days of the convention. As a special at- 
traction, a post-convention trip to Bermuda 
was offered at special rates. About 28 
people took advantage of this opportunity 
to enjoy a mid-winter trip to this popular 
resort. With the exception of the trip to 
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inspect the mercury turbine of the Public 
Service Electric and Gas Company at 
Kearny, N. J., all trips were held as sched- 
uled. Registration for the various trips is 
indicated in an accompanying tabulation. 
The excellent variety of trips, together 
with the orderliness with which arrange- 
ments were made and carried out, elicited 
many favorable comments. The success of 
this part of the convention program re- 
flected the efforts of the hard-working chair- 
man of the committee, E. R. Thomas, and 
of his colleagues: H. C. Anderson, H. M. 
Case, P. T. Coffin, G. E. Dean, Henry 
Kurz, W. J. Quinn, H. O. Siegmund, H. B. 
Stoddard, R. H. Twiss, and W. Y. Vedder. 


SMOKER 


The success of this year’s smoker can be 
judged best by the attendance, 1,175, which 
is believed to be a record for winter conven- 
tion smokers. The affair was held in the 
Grand Ballroom of the Hotel Commodore. 
An excellent dinner was served, followed by 


Registration for Inspection Trips 


Trip Registration 


Anaconda Wire & Cable Company, Hast- 


1igS-Of- HMttdson mills... sistent es cinetele 107 
General Electric Company sponsored broad- 
cast, ‘‘Hour of Charm,’’ NBC studios... 95 
Warner Bros. moving picture studios...... Uh 
S:S. ““Morarch of Bermuda’. >... oo 66 
New York Stock Exchange............... 65 
ThevAssociated Press joec.5 wos ree eres 60 
Brooklyn Navy Vardi. fo: catenn sane one 59 
Columbia Presbyterian Medical Center, 
Sloan radio frequency X-ray generator... 56 
Westinghouse Lamp Works, Bloomfield, 
IN Vince oie hath nite ars ove opahe ean ee eh ete 52 
RCA Manufacturing Company, Inc., 
Harrison’ Ni Seterescicreciste te mister iebereteeaeae 51 
National Broadcasting Company studios. . 45 
Independent Subway System, power control 
board and cable testing equipment..... 41 
Weston Electrical Instrument Corporation. 39 
New York Museum of Science and In- 
dustry, ball of motions...0.59.5 <5 ome we. 34 
Mackay Radio & Telegraph Company, 
ultra high frequency transmitter........ 26 
The M. W. Kellogg Co., Jersey City, N. J., 
electric‘weldingsa..552cus eee ees 21 
S. H. Kress & Company, special lighting and 
air conditioning installation............ 17 
Edison Wonder House, Brooklyn, N. Y.... 15 
Public Service Electric & Gas Company, 
Kearny generating station, mercury 
pal go'ts \- epee Meera cnea Suni eae Sr (Cancelled) 
Total) ini anand Seiten Gomera 926 


a stage show featuring a pleasing variety of 
entertainment by well-known radio and 
motion-picture stars. Ray Perkins, well 
known for his work on the radio, was mas- 
ter of ceremonies. 

E. S. Banghart was chairman of the 
smoker committee; he was assisted by W. H. 
Farlinger, H. E. Farrer, P. G. Fredericks, 
W. H. Harden, W. Jordan, J. E. McCor- 
mack, E. J. D. Paterson, R. E. Powers, 
T. D. Reimers, T. O. Rudd, H. C. Schlaikje, 
D. W. Taylor, and E. F. Thrall. 


DINNER-DANCE-BUFFET SUPPER 


As usual, the dinner-dance proved to be 
the social high light of the convention. It 
was held at the Hotel Astor, and was fol- 
lowed by a buffet supper, a feature that has 
become popular in recent years. A total of 
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835 attended the dinner-dance, and 250 the 
dance-buffet supper; some of these at- 
tended both, but it is estimated that about 
500 were present at the combined affair. 
Those serving on the dinner-dance commit- 
tee were: C. M. Gilt, chairman; F. L. Aime, 
T. S. Bacon, L. W. Codding, H. E. Farrer, 
L. P. Ferris, J. E. Goodale, S. B. Graham, 
Thomas Maxwell, J. A. McHugh, J. H. 
Pilkington, and Tomlinson Fort. 


WoMEN’s ACTIVITIES 


A program of special entertainment was 
arranged for the women attending the con- 
vention. On Tuesday a group of about 50 
visited the Van Gogh Exhibition at the 
Museum of Modern Art, after which the 
group inspected the Pedach Exhibition of 
Decorating Arts and Crafts, at Radio City. 
This was followed by tea at 4:00 p.m. in the 
British Empire Exhibition Room at Radio 
City, after which the group visited the Mu- 
seum of Science and Industry. After din- 
ner, there was a back-stage tour of the Radio 
City Music Hall, followed by attendance at 
the show in that theater. The most popu- 
lar single event on the women’s program 
was the luncheon and bridge held at the En- 
gineering Woman’s Club on Wednesday 
afternoon. 

In addition to the foregoing, some of the 
women attended some of the regularly 
scheduled inspection trips, particularly 
those to the New York Stock Exchange and 
to the Steamship ‘‘Monarch of Bermuda.” 
Serving on the women’s committee were: 
Mrs. George Sutherland, chairman; Mrs. 
E. S. Banghart, Mrs. C. R. Beardsley, Mrs. 
O. B. Blackwell, Mrs. H. C. Dean, Mrs. 
Tomlinson Fort, Mrs. C. M. Gilt, Mrs. 
H. H. Henline, Mrs. A. H. Kehoe, Mrs. E. B. 
Meyer, Mrs. A. G. Oehler, Mrs. G. S. Rose, 
and Mrs. H. R. Woodrow. 


DIRECTORS AND COMMITTEES MEET 


The Institute’s board of directors met dur- 
ing the convention, as is the usual custom. 
A meeting of the national nominating com- 


C. M. Gilt (left) chairman of the dinner-dance 
committee, and E. S. Banghart, chairman of the 
smoker committee, comparing notes 


mittee also was held, at which nominees for 
election to Institute officers for the year 
1937-38 were selected. Reports of both 
these meetings appear in succeeding pages. 

Many of the Institute’s committees also 
met during the convention; these were as 
follows: technical program; research; 
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power generation; production and applica- 
tion of light; standards; electrochemistry 
and electrometallurgy; automatic stations; 
Sections; electronics; electrophysics; mem- 
bership; Group III of the subcommittee on 
conductors, towers, and wood poles of the 
power transmission and distribution com- 
mittee; transformer subcommittee of the 
electrical machinery committee; and the 
protective devices committee and its sub- 
committees on (1) lightning arresters, (2) 
relays, (3) circuit breakers, switches, and 
fuses, and (4) fault-current-limiting devices. 
A scheduled meeting of the committee on 


AIlEE Directors Meet 


electric welding was not held. A luncheon 
meeting of Student Branch counselors was 
held, and the newly appointed special com- 
mittee on broadening of Institute activities 
also met. Reports of most of these meet- 
ings are presented in succeeding pages. 

Much credit is due the general committee 
for the success of the 1937 winter conven- 
tion. C.R. Beardsley was chairman of this 
committee; other members were: T. F, 
Barton, O. B. Blackwell, H. E. Farrer, E. E, 
Dorting, A. G. Oehler, C. S. Purnell, S. A, 
Smith, Jr., George Sutherland, and F., P, 
West. 


During the Winter Convention 


Tue regular meeting of the board of di- 
rectors of the American Institute of Elec- 
trical Engineers was held at Institute Head- 
quarters, New York, at 2:00 p.m., on Tues- 
day, January 26, 1937, adjourning at 5:35 
p.m. until 2:00 o’clock the following after- 
noon, January 27. 

There were present: President—A. M. 
MacCutcheon, Cleveland, Ohio. Past- 
President—J. B. Whitehead, Baltimore, Md. 
Vice-Presidents—O. B. Blackwell, New 
York, N. Y.; C. V. Christie, Montreal, 
Que.; R. H. Fair, Omaha, Neb.; C. F. 
Harding, Lafayette, Ind.; W. H. Harrison, 
Philadelphia, Pa.; N. B. Hinson, Los An- 
geles, Calif.; A. C. Stevens, Schenectady, 
N.Y. Diurectors—F.M. Farmer, New York, 
N. Y.; N. E. Funk, Philadelphia, Pa.; H. B. 
Gear, Chicago, Ill.; F. E. Johnson, Co- 
lumbia, Mo.; C. R. Jones, New York, N. Y.; 
P. B. Juhnke, Chicago, Ill.; W. B. Kouwen- 
hoven, Baltimore, Md.; Everett S. Lee, 
Schenectady, N. Y.; K. B. McEachron, 
Pittsfield, Mass.; L. W. W. Morrow, Corn- 
ing, N. Y.; C. A. Powel, East Pittsburgh, 
Pa.; R. W. Sorensen, Pasadena, Calif. 
National Treasurer—W. I. Slichter, New 
York, N. Y. National Secretary—H. H. 
Henline, New York, N. Y. 

Minutes of the board of directors meeting 
of October 20, 1936, were approved. The 
minutes of the executive committee meeting 
held on December 10, 1986, were approved 
with an amendment changing the name of 
the special committee on broadening of 
Institute activities, which was appointed by 
the executive committee, to ‘‘special com- 
mittee on Institute activities,’’ this com- 
mittee to prepare for a discussion at the 1937 
summer convention of the subject of desir- 
able topics for presentation at Institute 
meetings and for publication, and to be dis- 
charged upon presentation to the board of 
directors of its report on this session. 

Actions of the executive committee under 
date of November 2, 1936, on applications 
were reported and approved, as follows: 
3 applicants transferred to the grade of 
Fellow; 1 applicant elected to the grade of 
Fellow; 19 applicants transferred and 13 
elected to the grade of Member; 69 appli- 
cants elected to the grade of Associate; 905 
Students enrolled. 

A report of a meeting of the board of ex- 
aminers held on January 20, 1987, was pre- 
sented and approved. Upon the recom- 
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mendation of the board of examiners, the 
following actions were taken: 1 applicant 
was elected to the grade of Fellow; 31 ap- 
plicants were elected and 5 were transferred 
to the grade of Member; 97 applicants were 
elected to the grade of Associate; 204 Stu- 
dents were enrolled. The finance commit- 
tee reported monthly disbursements as 
follows: December, $17,647.61; January, 
$25,368.21; report approved. 

The final report of the special committee 
to consider Associate dues and related mat- 
ters was submitted, with the recommenda- 
tion that the present constitution and by- 
laws be unchanged. The board voted that 
the committee’s report be accepted and 
published in ELECTRICAL ENGINEERING, and 
that the committee be discharged. (The 
report appears elsewhere in this issue.) 

Upon the recommendation of the commit- 
tee on co-ordination of Institute activites, 
the following schedule of meetings in 1938 
was adopted: winter convention, New York, 
N. Y., January 24-28; North Eastern Dis. 
trict meeting, Pittsfield, Mass., in the spring: 
summer convention, Washington, D. C. 
June 20-24; Pacific Coast convention, 
Portland, Ore., dates to be determined 
later. 

Approval was given to the dates of August 
30 or 31 to September 3 for the 1937 Pa: 
cific Coast convention, already scheduled 
to be held in Spokane, Wash. 

Upon the recommendation of the com: 
mittee on student Branches, the boar 
authorized the organization of student 
Branches of the Institute at Columbia Uni 
versity, New York, N. Y., Northwestertr 
University at Evanston, Ill., and Tulane 
University, New Orleans, La. 

The president was empowered to appoin 
2 representatives of the Institute upon th 
council of the American Association for the 
Advancement of Science for the year 1937 

G. G. Post was appointed a representativ 
of the Institute upon the Commission 0 
Washington Award for the unexpired term 
ending August 1, 1938, of William B 
Jackson, deceased. 

The committee on award of Institut 
prizes reported its recommendations 0! 
various suggestions for modifications in th 
rules for the award of Institute prizes. Th 
board voted its approval of the recommen 
dations, which involved the followin: 
changes in the rules and the reprinting 0 
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> pamphlet containing the rules: 


Provision that the national prize for branch 
ers will be based upon the student year July 1 
June 30, inclusive, rather than the calendar 
ras at present. This is in accordance with the 
ommendation of the conference of officers, 
egates, and members held in Pasadena, Calif., 
June 1936. It is recommended that this change 
brought about by the adoption of the following 
cific changes in the present rules. 


ye 3, paragraph at the bottom of the page begin- 
g ““Only papers presented. . . ., etc.’,-—Modify 
read as follows: 


or the national best paper prize and the national 
ze for initial paper, only papers presented during 
- calendar year shall be considered except those 
the best paper prize in the class of public 
ations and education. In this class all papers 
sented subsequent to those considered at the 
le of the last previous award in this field and 
or to the end of the last calendar year will 
eive consideration. For the national prize for 
anch papers only papers presented during the 
ceding academic (college) year shall be con- 
ered. 


ll papers approved by the technical program 
nmittee ..., etc.” 

ge 6, paragraph 6—Modify to read as follows: 
nly papers presented during the calendar year 
ll be considered for the prize for best paper 
1 for initial paper. Only papers presented 
‘ing the preceding academic (college) year shall 
considered as eligible for the Branch paper prize. 
ey must be submitted in duplicate by authors, 
by officers, of the Section, Branch, or District 
cerned to the District secretary on or before 
following dates: best paper and initial paper, 
oruary 15; Branch paper, July 15.” 

his recommendation is adopted, it is understood 
it the committee on award of Institute prizes 
1 this year consider for the national Branch 
»er prize only papers presented between Janu- 
‘land July 1, 1936. 

}Provide for a District prize for a graduate 
dent paper. This is in accordance with a pre- 
us recommendation of the prize award commit- 
, approved by the board of directors on May 25, 
36, but not heretofore incorporated in the rules 
mational and district prizes. 


the top of page 6, add item 4, prize for graduate 
dent paper. 


The District prize for graduate paper may be 
arded for the best paper based upon graduate 
rk and presented at a national, District, Section, 
Branch meeting of the Institute. At the time 
presentation, the author must be a graduate 
dent and either a member or an enrolled Student 
the Institute. In the case of co-authors, the 
duate requirement applies to all and the mem- 
ship requirement applies to at least one of the 
uthors.”’ 


ze 6, paragraph 6—Modify the revision set 
th under item 1 above to read as follows: 


nly papers presented during the calendar year 
ll be considered for the prize for best paper 
i for initial paper. Only papers presented 
ing the preceding academic (college) year shall 
considered for the prize for Branch paper and 
graduate student paper. They must be sub- 
‘ted in duplicate by authors, or by officers of the 
tion, Branch, or District concerned to the 
‘trict secretary on or before the following dates: 
t paper and initial paper, February 15; Branch 
yer and graduate student paper, July 15.”’ 


A report of the Institute policy commit- 
. on recommendations of the committee 
safety codes for an expansion of that 
mmittee’s scope was presented and ap- 
yved. The report included the state- 
mt: “It is the feeling of this committee 
it there are many types of activity look- 
- to increased safety, which lie beyond 
» normal purposes of the AIEE. It is 
t that any expansion of the Institute’s 
rk on safety should be limited strictly to 
» technical and engineering aspects of 
ety, and particularly should not conflict 
th the safety work of any other organiza- 
n.’ It recommended that “the chair- 
n of the committee on safety codes be 
ormed that the board of directors is in- 
ested in the possibility that the Institute, 
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within its proper scope, may make further 
contributions to the cause of safety than it 
is now doing, and will welcome any specific 
suggestions to this end from the committee 
on safety codes.” 

The publication committee reported that 
it is making a thorough study of publication 
policy, and certain recommendations, in- 
cluding increases in the budget for ELEcTRI- 
CAL ENGINEERING for the present year, were 
approved. The committee may submit 
additional recommendations after further 
consideration and discussion of the matter 
at the conference of officers, delegates, and 
members during the summer convention. 

President MacCutcheon presented ab- 
stracts of reports which he had received, 
upon his request, from the technical com- 
mittees and several of the general commit- 
tees. The board referred these reports to 
the chairman of the committee on co-or- 
dination of Institute activities for a survey 
of committee activities and any recommen- 
dation he may have for the Board. 

The final report of the special committee 
to revise Section territories was presented. 
The board voted that the committee’s re- 
port be accepted, that the actions recom- 
mended be adopted, the changes to become 
effective August 1, 1937, and that the com- 
mittee be discharged with the thanks of the 
board. 

Reference was made to the publication in 
the December 1936 issue of ELECTRICAL 
ENGINEERING of a report of the committee 
on professional recognition of Engineers’ 
Council for Professional Development, 
which had not yet been approved by ECPD, 
and comments on which were invited. This 
report was referred to the committee on 
economic status of the engineer, with the 
understanding that a notice would be pub- 
lished in ELecrricaL ENGINEERING that 
the report had been referred to this com- 
mittee, the chairman of which has requested 
that Institute members send to him their 
comments on the subject. (This notice 
appears elsewhere in this issue.) 

Other matters were discussed, reference 
to which may be found in this or future 
issues of ELECTRICAL ENGINEERING. 


Nominating Committee 
Announces Candidates 


A complete official ticket of candidates for 
the Institute offices that will become vacant 
August 1, 1937, was selected by the na- 
tional nominating committee at its meeting 
held at Institute headquarters, New York, 
N. Y., January 26, 1937. This committee, 
in accordance with the constitution and by- 
laws, consists of 15 members, one selected by 
the executive committee of each of the 10 
Geographical Districts, and 5 selected by 
the board of directors from its own member- 
ship. 

The following members of the committee 
were present: A. W. Berresford, New York, 
N. Y.; O. B. Blackwell, New York, N. Y.; 
C. V. Christie, Montreal, Canada; N. E. 
Funk, Philadelphia, Pa.; E. E. George, 
Chattanooga, Tenn.; K. L. Hansen, Mil- 
watkee, Wis.; R. E. Kistler, Seattle, Wash.; 
Hes. Lane, San Francisco, Calif; I. A. 
Morgan, Worcester, Mass.; J. W. Ramsay, 
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Austin, Tex.; R. W. Sorensen, Pasadena, 
Calif.; A. C. Stevens, Schenectady, N. Y.; 
A. L. Turner, Omaha, Neb.; J. B. White- 
head, Baltimore, Md., and W. E. Wicken- 
den, Cleveland, Ohio; also H. H. Henline, 
New York, N. Y., secretary of the commit- 
tees 

The following is a list of the official can- 
didates selected by the committee: 


For PRESIDENT 

W. H. Harrison, assistant vice-president, depart- 
ment of operation and engineering, American 
Telephone and Telegraph Company, New York, 
N. Y. 


For Vice-PRESIDENTS 


I. Melville Stein (Middle Eastern District, 
number 2) director of research, Leeds & Northrup 
Company, Philadelphia, Pa. 

Edwin D. Wood (Southern District, number 4) 
general superintendent, Louisville Gas & Electric 
Company, Louisville, Ky. 

L. N. McClellan (North Central District, num- 
ber 6) chief electrical engineer, U.S. Bureau of 
Reclamation, Denver, Colo. 

J. P. Jollyman (Pacific District, number 8) 
hydroelectric and transmission engineer, Pacific 
Gas & Electric Company, San Francisco, Calif. 

M. J. McHenry (Canada District, number 10) 
manager, Toronto district, Canadian General 
Electric Company, Ltd., Toronto, Ont. 


For DIRECTORS 


C. R. Beardsley, superintendent of distribution, 
Brooklyn Edison Company, Inc., Brooklyn, N. Y. 

V. Bush, vice-president and dean of engineering, 
Massachusetts Institute of Technology, Cambridge, 
Mass, 

F. H. Lane, manager, engineering division, ° 
Public Utility Engineering & Service Corporation, 
Chicago, Ill. 


For NATIONAL TREASURER 


W. I. Slichter, professor of electrical engineer- 
ing, Columbia University, New York, N. Y. 


The constitution and by-laws of the In- 
stitute provide that the nominations made 
by the national nominating committee shall 
be published in the March issue of ELECTRI- 
CAL ENGINEERING. Provision is made for 
independent nominations as indicated in the 
following excerpts from the constitution and 
by-laws: 


CONSTITUTION 


Sec. 31. Independent nominations may be made 
by a petition of twenty-five (25) or more members 
sent to the National Secretary when and as pro- 
vided in the By-Laws; such petitions for the 
nomination of Vice-Presidents shall be signed only 
by members within the District concerned. 


By-Laws 


Sec. 23. Petitions proposing the names of candi- 
dates as independent nominations for the various 
offices to be filled at the ensuing election, in accord- 
ance with Article VI, Section 31 (Constitution), 
must be received by the secretary of the National 
Nominating Committee not later than March 
twenty-fifth of each year, to be placed before that 
committee for inclusion in the ballot of such candi- 
dates as are eligible. 

On the ballot prepared by the National Nomi- 
nating Committee in accordance with Article VI of 
the Constitution and sent by the National Secre- 
tary to all qualified voters during the first week in 
April of each year, the names of the candidates 
shall be grouped alphabetically under the name of 
the office for which each is a candidate. 


(Signed) National Nominating Committee 
by H. H. Henline, Secretary 


BIOGRAPHIES OF NOMINEES 


In order that those not personally ac- 
quainted with the nominees may know 
something of them and their qualifications 
for the Institute offices for which they have 
been nominated, brief biographical sketches 
are given in the “‘Personals’’ columns of this 
issue. 
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(1) J. E. Clem (left) of Schenectady, N. Y., 
member of committee on electrical machinery and 
author of a convention paper, and K. K. Paluev of 
Pittsfield, Mass., member of committee on research 


(2) Director N. E. Funk of Philadelphia, Pa., 
studying the convention program 


(3) Past Vice-President (1928-30) B. D. Hull of 
St. Louis, Mo. (formerly of Dallas, Texas) 


(4) J. W. Ramsay, of Austin, Texas, representative 
of the Institute's South West District on the national 
nominating committee 


(5) D. C. Prince of Philadelphia, member of 


Lamme Medal and protective devices committees 


(6) Director H. B. Gear (left) of Chicago, Ill., 
and G. A. Kositzky of Cleveland, Ohio, chairman 


of the national membership committee 


(7) G. W. Penney (left) of East Pittsburgh, Pa., 
author of a convention paper, conversing with 
R. C. Mason, also of East Pittsburgh, chairman of 
the committee on electrophysics 


(8) H.R. Beardsley of Brooklyn, N. Y., chairman 
of the winter convention committee and nominee 
for director 


(9) Past Vice-President (1930-32) I. E. Moultrop 
of Belmont, Mass., conversing with W. F. Dawson 


Some Personalities | 


of Holliston, Mass., after the Edison Medal cere- 
monies. Mr. Dawson was chairman of the Lynn 


(Mass.) Section 1927-8 


(10) Director C. A. Powel (right) of East Pitts- 
burgh, Pa., working on a bit of discussion. F. E. 
Terman of Stanford University, Calif., member of 
committees on education and communication, looks 
on, perhaps assisting 


(11) Director and Past Vice-President R. W. 
Sorensen of Pasadena, Calif., selling the idea of 
San Francisco for the 1939 summer convention 


(12) Waiting for the next event. Left to right: 
A. C. Seletzky, counselor of the Student Branch 
at Case School of Applied Science, Cleveland, 
Ohio; W. C. Kalb, secretary of the Cleveland 
Section; P. H. Daggett of New Brunswick, N. J.; 
and J. W. Barker of New York, N. Y., member 


of several Institute committees 


(13) A. P-T. Sah of the National Tsing Hua 
University, Peiping, China, author of 2 convention 
papers, explaining dyadics to 2 past-chairmen of 
the Rochester (N. Y.) Section: F. C. Young 
(center), chairman 1931-32, and W. M. Young, 
cha’rman 1934-35 


(14) Editor G. Ross Henninger (left) disc 
tensor analysis with Gabriel Kron of Schene 
N. ¥., author of numerous treatises on that su 


(15) K. L. Hansen, past-chairman of the M 
kee (Wis.) Section, was busy stirring up interest 
Institute's forthcoming summer conventicn 
home town. He is chairman of the 1937 st 
convention committee 


(16) W. E. Wickenden (left) chairman « 
Cleveland Section and representative of the N 
Eastern District on the national nominating 
mittee, discussing a point of mutual interes 
National Treasurer W. |. Slichter, of New Yo 


(17) Past Vice-President W. H. Timbie (/ 
Cambridge, Mass., greeting President A 
MacCutcheon of Cleveland, Ohio, upo 
arrival at the convention 


(18) P. L. Alger of Schenectady, N. Yay 
man of the subcommittee on sound, stud 
preparing for the technical sessions 


(19) Vice-President C. Francis Hardin 
Lafayette, Ind., another busy member of the 
summer convention committee 


’ 
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e Winter Convention 


W. Rogers of Schenectady, N. Y., chair- 
the committee on general power applica- 
joying a good joke 


rs. C. S. Weist is an interested observer as 
J. H. Payne, both of Washington, D. C., 
apped” at the dinner-dance. Mr. Payne 
was appointed chief of the electrical 
, Bureau of Foreign and Domestic Com- 
nited States Department of Commerce 


st Vice-President (1930-32) H. V. Car- 
of Pullman, Wash., chairman of the com- 
on code of principles of professional 


rector W. B. Kouwenhoven (right) of 
re, Md., discussing a question with J. C. 
gh of Cambridge, Mass., a member of the 
ee on protective devices 


rector C. R. Jones, of New York, at the 
dance. He was chairman of the New York 
1933-34 


. E. Crawford of Milwaukee, Wis., member 
ommittee on electric welding and treasurer 
937 summer convention committee 


(7) A busy period at the inspection trips desk; 
on duty (left to right): HH. B. Stoddard, member 
of the inspection trips committee; L. A. Pagano; 
and Miss L. Lawrie of the headquarters staff 


(8) Vice-President O. B. Blackwell (left) and 
Mr. and Mrs. A. F. Dixon, all of New York, at 


the dinner-dance 


(9) T. A. Worcester of Schenectady, N. Y., 
member of the committees on power transmission 
and distribution, and technical program, paying close 
attention to a weighty discussion 


(10) J. A. C. Warner, general manager of the 
Society of Automotive Engineers, apparently has 
Mrs. H. H. Henline interested in the engineering 
features of some of the 1937 models 


(11) Col. Azel Ames (left) of New York, telling 
Mrs. George Humphrey of Hagerstown, Md., 
a good story, while H. W. Osgood, chairman 
of the Washington (D. C.) Section interests Mrs. 
T. O. Rudd of New York (right) 


(12) Director F. M. Farmer, of New York, chair- 
man of the headquarters committee, emphasizes an 
important point to Mrs. A. E. Silver, of New York 


(13) National Secretary H. H. Henline having a 
serious discussion at the dinner-dance with Mrs. 


John Arms of New York 


(14) T. R. Tate, secretary of the Washington 
(D. C.) Section, and F. M. Feiker, executive secre- 
tary of American Engineering Council, Washington, 
apparently exultant over the fact that the board of 
directors voted to hold the Institute's ’1938’’ summer 
convention in that city 


(15) Mrs. W. K. Vanderpoel of New York, listens 
to |. M. Stein of Philadelphia, chairman of the 
publication committee and nominee for vice- 
president 


(16) Past Vice-President (1927-29) J. L. Beaver 
(left) of Bethlehem, Pa., and A. G. Ochler, 
chairman of the New York Section, discussing 
important matters at the dinner-dance 


(17) Vice-President W. H. Harrison (left) of 
New York, nominee for president, getting a few 
pointers from the fifteenth president (1902-03) of 
the Institute, Chas. F. Scott, of New Haven, Conn. 


(18) Mrs. I. M. Stein of Philadelphia, appears 
somewhat spellbound by the story she is hearing 
from Past-Manager (1923-27) W. K. Vanderpoel, 
of New York 


(19) J. P. McKearin of Springfield, Mass., chair- 
man of the committee on protective devices 


Edison Medal for 1936 
Presented to Alex Dow 


For “outstanding leadership in the 
development of the central station industry 
and its service to the public,” the 1936 
Edison Medal, highest award of the AIEE, 
was presented to Doctor Alex Dow, presi- 
dent, Detroit (Mich.) Edison Company, at 
a special session of the Institute’s 1937 
winter convention, on the evening of 
January 27. Doctor Dow has been a 
member of the Institute for 44 years, having 
been elected an Associate in 1893, and trans- 
ferred to the grade of Fellow in 1913. He 
has been president of the Detroit Edison 
Company since 1913. 

A. M. MacCutcheon, president of the 
Institute, presided over the ceremonies, 
introducing first H. P. Charlesworth, past- 
president of the Institute, and chairman of 
the Edison Medal committee, who briefly 
outlined the history of the medal and the 
terms of its presentation. Mr. Charles- 
worth’s remarks follow: 


Past-President Charlesworth 
Outlines History of Medal 


“The Edison Medal was founded by an 
organization of associates and friends of 
Thomas A. Edison who desired to com- 
memorate the 
achievements of a 
quarter of a cen- 
tury in the art of 
electric lighting 
with which Edison 
had been so promi- 
nently identified. 

“Tt was decided 
that the most ef- 
ective means of 
accomplishing this 
object was by the 
establishment of a 
gold medal which 
could serve ‘as an 
honorable incen- 
tive to scientists, 
engineers, and ar- 
tisans to maintain by their works the high 
standard of accomplishment’ which had been 
set by Edison. The American Institute of 
Electrical Engineers wasinvited to undertake 
the responsibility of making the awards. 
The Institute accepted and organized the 
Edison Medal committee, or board of 
award, composed of 24 members. 

“Three of these members are appointed 
each year by the president of the Institute 
to serve for a term of 5 years each; 3 are 
elected each year by the board of directors 
from its own membership to serve for a 
term of 2 years each; the other 3 members 
are ex-officio, the president, the national 
treasurer, and the national secretary of the 
Institute. 

“The by-laws of the committee provide 
for making one award each year, and the 
deed of gift specifies that the award shall be 
made to some one resident in the United 
States or Canada, for meritorious achieve- 
ment in electrical science, electrical engineer- 
ing, or the electrical arts. 

“The medal was designed by James 


Past-President Charles- 
worth outlining history 
of medal 
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Earle Fraser, and carries on the obverse the 
portrait of Thomas A. Edison, and on the 
reverse an allegorical conception of the 
genius of electricity crowned by fame.” 


Louis H. Egan 


Eulogizes Doctor Dow 


Following Mr. Charlesworth’s remarks, 
President MacCutcheon introduced Louis 
H. Egan (A’08, M’15) president, Union 
Electric Light and Power Company, St. 
Louis, Mo., a long-time friend, close associ- 
ate, and great admirer of Doctor Dow. 
Mr. Egan outlined some of Doctor Dow’s 
accomplishments as president of the Detroit 
Edison Company, and related many inter- 
esting anecdotes demonstrating his fine 
personal characteristics. 

Going back 35 years, Mr. Egan told of 
his first meeting with the medalist, on which 
occasion he (Mr. Egan) was seeking employ- 
ment (which he obtained). Speaking of 
these early associations, he said in part: 
“Mr. Dow was beyond belief in his method 
of treatment and in the rare privilege that 
came to be mine of being welcomed into 
their home. There I came to understand 
one of the reasons for his success, and she 
is here tonight; I would indeed be derelict 
if I didn’t mention and give full credit to 
the very delightful and lovely hospitality 
that she offered to me at that time—Mrs. 
Dow.” 

“T am not going to undertake,’ Mr. 
Egan continued, “to tell you here tonight 
very much, if anything, about the big 
boilers, or about the unusual transmission 
system, and the substations, and the stores 
department, and how we handled the meters, 
and all the rest of this, our public relations, 
and so forth. You will hear those from 
others, possibly, and if you don’t, you can 
find them out very readily. They have 
been published many times. 

“T should like to tell you just a little of 
the human side of this gentleman that we 
are honoring here tonight. I will mention 
just in passing, if I may, something about 
this company that he runs, and, rather than 
going to one of his intimate friends, or 
refreshing my own recollection on the sub- 
ject, I should like to take a chapter out of 
the book of...the Public Utilities Com- 
mission of the State of Michigan. It is 
paraphrased a little, because I think I 
write it better than they do. It may be 
briefed in spots, but it is designed to serve 
its purpose here and the basis of it can be 
found in the decision of that commission; 
it says this: 

““The Detroit Edison Company was 
organized in 1903 under the laws of the 
state of New York. At that time Michi- 
gan did not have corporation laws suitable 
to the operations of the Detroit Edison 
Company, which they proposed to conduct. 

““At the time of its organization, the 
Detroit Edison Company took over the 
Edison Illuminating Company, Detroit 
and Michigan corporation, which had been 
organized under the Michigan laws, and 
also the Peninsula Electric Light Company, 
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a Michigan corporation which had been 
organized in 1898 

“*The Eastern Michigan Edison Com- 
pany was incorporated July 24, 1906, 
under the laws of the state of New York, as 
a subsidiary of the Detroit Edison Com- 
pany, for the purpose of doing certain 
classes of business, most of it privately 
owned. Electrical properties in the south- 
eastern part of the state have since been 
consolidated in the Detroit Edison Com- 
pany. Briefly, it covers practically all of 
Michigan within 50 or 60 miles of the city 
of Detroit, and recently it purchased the 
property, plant, and facilities of the Michi- 
gan Electric Power Company, operating in 
what is known as the thumb of Michigan. 
The territory served by the company has a 
population of approximately 2,500,000 
people. 

“ ‘The growth of the company since its 
organization in 1903 has been phenomenal. 
At the close of that year it had, according to 
its books, total fixed capital of less than 
$7,000,000. At the end of 1935, its total 
fixed capital was something like $296,000, 
000. Thus we see that in 33 years, begin- 
ning with 1903, the total fixed capital of 
this utility was multiplied by more than 
42 times. 

“ “Tn addition to serving electric light and 
power in the territory above described, the 


company supplies an extensive steam- 
heating service, principally in Detroit. 
The investment which might properly 


be allocated to the steam-heating business 
approximates $15,000,000. It also has a 
small amount of manufactured-gas business. 

“*The Edison Company has grown 
greatly with the growth of the southeastern 
part of Michigan. When the company 
began business in 1903, the population of its 
territory was only about 300,000. It is 
now about 8 times that amount. During 
its existence it has purchased and taken over 
about 50 electric light and power plants 
previously owned 
by municipalities 
or by small utility 
companies. 

“Tt owns and 
operates some 7 
or 8 rather small 
water powers on 
the Huron River; 
although most of 
its energy is gen- 
erated in steam 
plants located in 
the vicinity of 
Detroit, it has 
one rather large 
steam plant near 
its gas utility at 
Marysville. 

““The — Utlity 
under consideration has always taken care 
of the interests of the public. It has been 
a very important factor in the phenome- 
nal growth of the territory it serves. It 
was one of the first utilities in the country 
to begin the electrification of rural territory, 
and at the present time about 75 per cent 
of the farms in its territory that it has oc- 
cupied for a considerable period of time 
have been electrified. 

““The stock of the company is widely 
distributed. It has almost 14,060 stock: 
holders. There is no doubt about the fact 
that the Detroit Edison Company is one of 
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. outstanding electric utilities in this 
intry. It is not owned by any holding 
mpany. It is an independent concern. 
er since its organization it has been most 
ciently managed and operated. Its 
ud during its entire history has been 
x Dow, one of the foremost electric 
ht and power men in the United States.’ 
‘I think probably that is the greatest 
bute that has ever been paid by a regulat- 
‘ body to the electric light and power 
lustry, to the man who headed a company, 
this whole country, since regulation began. 
is merited beyond belief. For over 40 years 
has been the guiding factor and the princi- 
| factor in the creation of this company. 
is recognized both in the United States and 
road as a model example of its kind.” 
Mr. Egan next spoke of Doctor Dow’s 
oad general interests, mentioning specifi- 
lly several widely divergent subjects with 
lich he is conversant. 
Speaking of Doctor Dow’s achievements 
the electric power industry, Mr. Egan 
id: ‘‘Would you like to know somebody 
10 thought of most of the things that come 
your minds about the light and power 
justry today, thought of them 25 years 
o, and forgot them? If you think that you 
> about to develop something new in this 
justry, I warn you, because I have made 
e mistake, you had better go back and dig 
the proceedings of the National Electric 
ght Association, and of the Association of 
lison Illuminating Companies, and there 
u will find them expounded about a 
arter of a century ago by Mr. Dow. It 
esn’t make any difference whether it 
als with customer relations, whether it 
als with street lighting, whether it deals 
th the contacts of municipalities, or 
vernment control; it is all there. I 
ve looked them up and read them. 
“What a great treat it must be to all these 
ousands and thousands of young men and 
ymen, just as it was to me, to come in 
ntact with a mind of that kind in this 
isiness! I can’t begin to tell you the 
ankfulness that is in my heart for the 
ings that he did to me, sound, true, sane, 
able principles that he has followed and 
eached since he started. 
“Vou talk about there being no romance 
business! Only careless, foolish people 
y that. A young boy in Scotland— 
body to help him—an orphan in his early 
ars, people to assist; he starts out by 
st sheer industry, perseverance, the will 
make good, he comes to this country, 
kes half a dozen simple jobs of one kind or 
other, all the time storing up in this 
tentive memory of his the things that are 
ing to be to his advantage in the future. 
“Finally he lands in Detroit to put in a 
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municipal street lighting system, and, after 
he did it, the local company said: ‘There is 
the type man we want.’ 

“He has been there 41 years doing that 
job. Why, it is an inspiration beyond 
belief! It is the kind of thing that is the 
United States of America at its best.” 

Concerning Doctor Dow’s humanitarian 
activities, Mr. Egan said: ‘‘What he has 
done for people all over this country will 
never be known.” He then mentioned 
several specific instances in which Doctor 
Dow had rendered personal assistance to 
people in need. 

“His breast is shining with unseen medals 
for the goodness that he has done,’”’ Mr. 
Egan concluded. ‘I could continue this 
eulogy for a long, long time It has been 
said and said well that a big enterprise is a 
shadow of aman. Perhaps those who don’t 
think well imagine it becomes trite, but it is 
true; it never was more fully exemplified 
than it was in this case. 

“But the sun is setting, and the shadow 
becomes long. It isn’t a dark shadow. It 
is a shadow that shines with a roseate light, 
a white shadow, if you will, the kind of 
shadow that will last forever in the district 
where it has first fallen, and that is what his 
shadow will be on his chosen state and his 
chosen city.” 


Doctor Dow Responds 


Immediately following Mr. Egan’s 
address, President MacCutcheon presented 
the medal and 
certificate to Doc- 


tor Dow, who 
responded, in part 
as follows: 


“T asked Louis 
Egan to tell you 
some of my sins 
and I didn’t hear 
all that he said... 
but I suspect that 
he had been hunt- 
ing up my some- 
what negative 
virtues and recit- 
ing those to you. 

oe DLE ard 
guilty to having contributed to the de- 
velopment of the central station industry. 
I found myself in that industry, to my 
own great surprise, dealing with, to be- 
gin with and for several years almost 
continuously, properties that had been 
failures, trying to put them on their feet, 
succeeding quite a bit; at other times saying 
that in this particular case what was wanted 
was not a diagnosis and medication but 
a postmortem. These things happened, 
and that experience, I know, was exceedingly 
valuable to me in teaching me the things that 
just could not be done in that industry.... 

“By the time that I got through listening 
to the. ..remarks of Louis. ..I came to the 
conclusion that I must have failed in my 
vocation; instead of being an electric-light 
man doing the day’s work as it came along, 
the best I knew how, glad when the day was 
done, I ought to have been a missionary or 
a member of a settlement, preaching the 
gospel... I am glad that that destiny... 
miscatried. Iam afraid that I should have 
been even more weary of it than I have been 
at times of the day’s work as it is. 
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..1 wish you would think of me as 
somebody who has just, as I have already 
said, done the day’s work as it came to him, 
looked ahead, saw what could be foreseen, 
sometimes having a vision that was almost 
prophetic... At times it has been given to 
me to see what was coming and to see the 
possibilities of meeting the on-coming event 
in such manner as would conduce to the 
welfare of the service for which I was respon- 
sible; that I have taken that service se- 
riously I wish you 
would think of as 
being assured of. 

“As far as in- 
vestment goes, it 
is rather a serious 
matter to be re- 
sponsible for 
$300,000,000 of 
other _people’s 
money. As faras 
the care and wel- 
fare of employees 
go, for groups that 
have ranged in the 
last few years, 
even during the 
depression period 
up to about 8,000 
people, and as far 
as service to the public goes, that Mr. Egan 
has stated to you; and it is a service that 
is unusual, exceptionally comprehensive, 
covering and trying to reach, everybody. 

“We have been able there to have 
accepted by our authorities the doctrine of 
the economic area, separating out from 
individual municipalities, each insisting 
upon having its own accounting and its own 
particular rate schedule. ..and we have an 
integrated area there that is willing to be 
dealt with as a whole. That is the correct 
theory, we believe. I know that I was one 
of the first to point out that that was how it 
should be, that a service such as the central 
station service is, could not be congeries of 
local services, but must be a broad service 
extending over the area which was economi- 
cally one area; and that is what has been 
sought by my people and by myself. 

“Now...I have by example as well as by 
precept shown what may be done, shown 
that it is possible to get along peacefully, 
shown that it is possible to have no labor 
trouble (and I speak for myself personally, 
and I am touching wood when I say that in 
these troublesome days—touching wood and 
making a little prayer that it will continue). 
I began to boss men when I was a 14-year 
old boy. The men never bothered me 
because they were all quite willing to be 
bossed—it saved them from doing any 
thinking; but the boys of my own age, or a 
little older, I had to fight it out with every 
confounded one of them before I could get 
peace. I don’t know any other way to get 
peace either in business or in politics, but to 
fight it out when you have to—to avoid it 
as long as you can but to fight it out when 
you have to. 

“So it has gone, and, to play fair with 
these divergent interests and interests that 
may become divergent, has been my job in 
life—that much more than any choice in 
engineering matters or any development of 
new principles or any application of estab- 
lished principles. 

“Let me confess here...that I have 
almost forgotten what it is to be an electri- 
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calengineer.... Ihave to tell them [electri- 
cal engineers] when they come and talk to 
me about something new: ‘Now that is 
all right, but settle down and tell it to me 
in words of one syllable.’ Usually it is 
possible to do that and I, having no facilities 
whatever in the language of the mathema- 
tician and the symbols in which he expresses 
an idea concisely and clearly,...am glad to 
revert to the one-syllable plan. 

“,.Forty-five or 50 years ago I knew all 
there was to know about telegraphy, but 
now I don’t even know the language. And 
it is so with many, many matters of elec- 
trical engineering nowadays... Still, Ihave 
an understanding mind; still, I am glad 
to have a new problem brought to me, glad 
to hear how it has been solved, and glad 
to settle down and think about it and think 
how that is going to fit into my day’s work, 
into the problem of serving 600,000 custo- 
mers scattered over 6,500 square miles, and 
that is what engineering means to me; but 
as for being an electrical engineer—no.... 

“..1 found the United States, when I 
came to them, more than 50 years ago, a 
place that welcomed the youngster who was 
willing to take it as he found it, who had no 
call to show it the error of its ways, and was 
not only willing to take things as he found, 
but also willing to work hard at whatever 
work Providence put before him. I turned 
my hand to a good many things. I hada 
certain facility at mechanical employments. 

“Before I was 20 years old I came to the 
United States, and I ultimately landed... 
into the electric light and power industry, 
and have stayed with it, grown up with it, 
was an early operator in that industry and 
have seen it become what it is. That has 
taken above all things an understanding of 
the American people. It has taken an 
infinite patience. It has taken that fore- 
sight with which I thank the Lord He has 
given me a certain amount of. It has taken 
the judgment as to what should be done 
when one felt what was coming. So far I 
have had good fortune. I hope it will 
continue. I trust it will continue.... 

“Still, after all, in these matters for which 
I have been given much praise tonight, I 
have tried to understand, I have tried to 
make it easier for those who needed help, 
and tried when it was necessary to speak the 
truth without malice. I have tried to be 
patient. I have tried even to suffer fools 
gladly, although that has been perhaps the 
most trying thing that I have had to do.... 

“As it is, it is anything but engineering. 
I wouldn’t unless I were an engineer by 
thought and by a certain amount of training 
be where I am, but it is anything but 
engineering in the day’s work; it is finance, 
it is management, it is law, it is politics— 
which I don’t approve of at all. You 
know, you need a big sense of humor to 
keep your patience with politics.... 

“As for taking care of my people, well, and 
other people—things that have been wished 
upon me: I never believed in welfare 
systems—no welfare system that I know of, 
and that applies to a little bit of an organi- 
zation. ..right up to the wonderful scheme 
for the betterment of 15 or 20 million 
people that we now have on our lists, so 
many of them capitalized with 3 or 4 
initials. .. As to these things, I admit having 
done what came to my hand, and I have 
summed up my philosophy of such matters 
in a very, very few words: ...Do what you 
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can, what is within your powers, what is 
within your duty, if it may so happen, for 
...the person—man or woman—who does 
need help; do it quietly and kindly, without 
any fuss and botheration. Don’t do it 
mechanically. Do it personally. If you 
cannot do it personally yourself, at least see 
that the job is done. Delegate it to some- 
one that is light of hand and will not try to 
make people feel grateful. That kind of 


gratitude I don’t much like. It reminds me 
of that definition of gratitude: ‘Gratitude 
is a lively sense of favors to come.’ Do it 
quietly, as I have said; do it patiently and 
kindly; thank God that you have had the 
chance to do it; and, forever afterward, 
keep your mouth shut about it. 

“T think I have said a plenty. Thank 
you for listening, and this [the medal] I 
am highly honored by.” 


Reports of 15 Committee Meetings 
Held During the Winter Convention 


Brice reports of the meetings of 16 
Institute committees and subcommittees 
held during the Institute’s recent winter 
convention are presented herewith, as pre- 
pared by the committee chairmen or from 
notes submitted by them. These reports 
cover meetings of 2 general committees, 
6 technical committees, and 7 subcommit- 
tees of technical committees. Reports of 
the meetings of 4 subcommittees of the 
protective devices committee have been 
combined with that of the parent com- 
mittee. 

No report of the meeting of the committee 
on electrophysics was submitted, but 
according to Chairman R. C. Mason that 
committee ‘‘met to consider plans for future 
activities.’”” In addition, no report of the 
standards committee meeting is included 
here, but actions of this committee on items 
of interest to the membership are reported 
in the ‘‘Standards’”’ columns elsewhere in 
this issue. A scheduled meeting of the 
committee on electric welding was not held. 


Membership Committee 
By G. A. Kositzky, Chairman 


Some 21 of the members of the national 
membership committee attended the meet- 
ing of the committee held January 27, 1937, 
at national headquarters in New York 
during the recent winter convention. The 
several matters of routine business that 
were discussed have. been reported to all 
members of the committee through the 
medium of the minutes of the meeting. 

Special attention was called to the new 
pamphlet containing an article by E. S&S. 
Lee, former national membership chairman, 
entitled ‘‘Membership in the American 
Institute of Electrical Engineers.’’ This 
article is highly informative concerning 
Institute activities, and has been distributed 
by mail to all Institute members. These 
booklets are available from national head- 
quarters. 


Sections Committee 
By W. H. Timbie, Chairman 


The Sections committee is unanimous in 
believing that a thoroughgoing survey should 
be undertaken immediately of the activities 
of the Sections. The majority believes 
that a “‘field survey’”’ should be made by a 
competent investigator; the rest are of the 
opinion that a questionnaire survey is all 
that is necessary. Consequently, it is 
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proposed that a special survey be made, the 
committee sending to the chairman of each 
Section a ‘“‘self-analysis blank,’’ by means 
of which each Section chairman, assisted 
by his Section secretary, may analyze the 
activities of his Section stating specifically; 


A. Aims or objectives of the Section. 


B. Activities now carried on to attain these ob- 
jectives. 


C. Critical examination of the results of these ac- 
tivities. 
D. Necessary or desirable change in activities. 

The objective of this survey is: first, 
that the Sections examine themselves in 
order to crystallize their objectives and 
reasons for and results of their activities; 
second, from a study of the returns the 
Sections committee hopes to obtain facts 
and data that will enable it to assist the 
several Sections in reaching a clearer under- 
standing of the aims and in more effective 
methods of obtaining them. 

It is especially desired that ways may be 
opened up for: (a) further co-operation 
between a Section and other community- 
minded groups that would profit by the 
help of the engineer; (b) more effective 
co-operation between the Sections com- 
mittee and the various Sections; (c) greater 
co-operation between Sections. This pre- 
liminary survey should likewise give a fair 
indication as to whether a “‘field survey” is 
necessary or desirable. 

The committee plans to co-operate to the 
fullest extent with the newly appointed 
special committee on the broadening of 
Institute activities. 


Automatic Stations Committee 
By M. E. Reagan, Chairman 


Because of the enthusiastic reception that 
has been accorded the subcommittee’s re- 
port on supervisory control and telemeter- 
ing, by operating people, it was decided to 
bring this report up-to-date and request its 
publication in ELmrcrrRicAL ENGINEERING. 
The subcommittee appointed to follow this 
program is as follows: Chester Wallace, 
American Telephone and Telegraph Com- 
pany, New York, N. Y.; P. A. Borden, 
Bristol Company, Waterbury, Conn.; M. E. 
Reagan, Westinghouse Electric & Manu- 
facturing Company, East Pittsburgh, Pa.; 
and A. E. Anderson, General Electric 
Company, Philadelphia, Pa. 

It was suggested that the committee 
undertake a study of operating practice on 
short-circuiting or open-circuiting of neutral- 
grounding resistances in case of circuit 
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saker failure on ground faults. It was 
ieved, however, that this was a function 
the committee on power transmission and 
tribution. It was decided to offer the 
istance of the automatic stations com- 
ttee to the committee on power trans- 
ssion and distribution in co-ordinating 
y investigation of this problem. 

A request for a round-table discussion on 
tomatically controlled hydroelectric gener- 
ng stations at the Institute’s 1937 summer 
ivention was discussed at some length. 
was decided that the committee would 
ynsor such a meeting if the convention 
nmittee considers that there is enough 
eral interest in the subject. At the 
juest of the summer convention com- 
ttee, the automatic stations committee 
1 co-operate in a general discussion on 
ntrol” to be held at that convention. 
Preliminary reports were made by 2 sub- 
nmittees on the general subjects of: 


Battery-charging methods in unattended sta- 
1s. 


Reclosing of breakers on bus-differential opera- 
1. 


ATEE Standards No. 26, which is now 
dergoing consideration by the American 
ndards Association, was again reviewed. 


mmittee on Electrochemistry 
and Electrometallurgy 


3y F. O. Schnure, Chairman 


In the subject of electrolytics, the com- 
ttee is now formulating plans for a round- 
le conference to be held in connection 
h the Institute’s forthcoming summer 
ivention. It is the committee’s plans to 
aden the scope of the intended discus- 
n by inviting to participate in it, mem- 
s of other technical societies interested 
the various aspects of the general subject 
electrolytics. As chairman of the com- 


ttee to plan this conference, N. R. Stansel 


Membership— 
Mr. Institute Member: 


The young engineer looks to the leaders in his profession for 
guidance and inspiration—for leadership. The “American Institute 
of Electrical Engineers is leadership in organized form; it represents 
and speaks for all electrical engineers as a group. 

An interested and inclusive membership assures you of a strong, 
representative, and effective organization. 
and your associate engineers, who are not members, a service by 
securing their applications or by sending their names to your member- 


ship committee. 
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of the industrial engineering department, 
General Electric Company, Schenectady, 
N. Y., and former chairman of the com- 
mittee on electrochemistry and electro- 
metallurgy, was appointed. Looking for- 
ward to the 1938 winter convention, the 
committee also is considering the possibility 
of developing for the program of that con- 
vention a symposium on the subject of 
electrolytics, or some other subject growing 
out of the intended summer-convention 
round-table conference. 

There was considerable discussion on the 
question of a “definition of the committee’s 
function.”” As this is now ‘defined’ or 
understood, the scope of the committee’s 
activities can include either the thermal 
applications of electricity, the electrolytic 
applications of electricity, or both. To 
study the subject and report later to the 
committee a recommended definition of 
function and scope of activity, a sub- 
committee has been appointed. 

Brought forth during the committee’s 
general discussion were strong suggestions 
to the effect that the Institute membership 
should be ‘“‘classified according to interests 
and professional work.” 


Committee on Protective Devices 
By J. P. McKearin, Chairman 


Rules were adopted to govern the stand- 
ing subcommittees of this committee in the 
preparation of their annual reports. These 
reports are to show the extent of the sub- 
committee programs and to give all mem- 
bers of the protective devices committee 
and all members of all the subcommittees 
the benefit of a record of the work that has 
been done, so as to maintain the continuity 
of subcommittee work from year to year. 

A resolution was adopted, recommending 
to the Institute’s standards committee that 
the revised AIEE Standards No. 22, on 
“air switches,”’ be published in report form. 


You can do yourself 


Vice-Chairman, District No. 5 
National Membership Committee 
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Arrangements were made to obtain im- 
provements in the report on Standard No. 
23, for “relays,” to bring these Standards 
up to date. 

Plans were made for participation by this 
committee with the committees on power 
transmission and distribution and electrical 
machinery in a proposed joint session at the 
Institute’s 1937 summer convention on 
“lightning protective equipment and insu- 
lation co-ordination.’”’ Considerable inter- 
est has been shown in this type of session. 


CrrcuiIr BREAKERS, SWITCHES, AND FUSES 


The subcommittee on circuit breakers, 
switches, and fuses, H. J. Lingal, chair- 
man, made further plans for its work on 
recommendation for improvements in AIEE 
Standards No. 19, for “oil circuit breakers,” 
and proposed Standards No. 25, for “fuses 
above 600 volts.’”’ This work is the result 
of suggestions received from the industry at 
large in response to the invitation for opin- 
ions, criticisms, and suggestions printed on 
the recently published reports on these 2 
standards. 


RELAYS 


The subcommittee on relays, E. E. 
George, chairman, reviewed its program, 
which includes: “application of electronics 
to relay protection,” “‘trend of distribution 
relay protection,’ “standardization and 
simplification of relay design and applica- 
tion,’ and “high-speed protection and 
reclosing.”’ 


FAULT-CURRENT-LIMITING DEVICES 


The subcommittee on fault-current-limit- 
ing devices, J. O’R. Coleman, chairman, 
reviewed its program and made further 
plans for its work which includes “‘a survey 
of grounding practices,’ “‘mutually-coupled 
reactors,’ and preparation of new standards 
for “fault current limiting devices for 
neutral grounding.” 


LIGHTNING ARRESTERS 


The subcommittee on lightning arresters, 
J. R. North, chairman, gave further con- 
sideration to arrangements for the proposed 
joint session at the summer convention and 
discussed its work on other projects which 


include: ‘‘testing procedure for lightning 
arresters,”’ ‘performance characteristics of 
lightning arresters,’’ “performance character- 


istics of the various forms of protective 
gaps,” “application of lightning arresters,’”’ 
“specific lightning arrester protection prob- 
lems,’”’ and the preparation of a new stand- 
ards for ‘‘protective gaps.” 

Chairman North says that the lightning 
arrester subcommittee has a rather exten- 
sive program outlined for the year. He 
has prepared the following report of the 
meeting of that subcommittee from reports 
presented by the sponsors of each of the 
“sub-groups” on the scope and status of 
their work. 

Testing Procedure for Lightning Arres- 
ters—Herman Halperin. This group is de- 
termining proper methods and test pro- 
cedure for ascertaining the condition of 
lightning arresters in service and as received 
from the manufacturers. Both station and 
line type arresters are included. Suitable 
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test procedures are being drafted, and 
arrangements are being made for dissemi- 
nating this information. 

Performance Characteristics of Lightning 
Arresters—K. B. McEachron. This group 
is assembling specific and comparative in- 
formation regarding the 60-cycle and pro- 
tective characteristics of modern lightning 
arresters. Present published data regard- 
ing arrester characteristics is not on a uni- 
form basis and is, therefore, not directly 
comparable. It is planned to have the 
results of this work in shape for submitting 
as a tentative report at the Institute’s 1937 
summer convention. 

Rod Gaps, Expulsion Gaps, and Deion 
Gaps—J. J. Torok. The possibility of 
developing AIEE Standards for gaps and 
the performance of different types of pro- 
tective gaps was discussed in considerable 
detail, and it was decided that the prepara- 
tion of standards should await the results 
of the ‘‘Manufacturers’ Inter-Company 
Laboratory Group’”’ studies which are now 
in progress. In the meantime, a summary 
outlining the status of protective gaps 
generally is to be prepared so that this in- 
formation may be readily available for use. 

Application of Arresters and Influence of 
Station Equipment—J. R. North. This 
sub-group is dealing particularly with the 
proper application of lightning arresters and 
the standardization of terminology regard- 
ing arrester connections as used with dis- 
tribution transformers. A memorandum 
covering this work will be sent out to the 
members of the subcommittee for con- 
sideration within the next few months. 

Specific Protection Problems—A. H. Sweet- 
nam. The proper means of protecting 
various equipment, including constant cur- 
rent transformers, regulators, line switches 
in open position, etc., is being studied by 
this sub-group and a memorandum sum- 
marizing current practices is to be prepared 
and distributed as a matter of information. 

Proposed Institute Papers. Several pa- 
pers proposed for presentation before the 
Institute were discussed. Three papers 
were proposed as part of a joint symposium 
on the subject of ‘Protective Equipment 
and Insulation Co-ordination,’’ and it was 
decided that every effort should be made 
to insure the placing of this joint session on 
the program for the 1937 summer conven- 
tion. 


Committee on 
Production and Application of Light 
By A. L. Powell, Chairman 


Following a review of the work of the 
committee for the year to date, the chair- 
man pointed out that one technical paper* 
and several brief contributionst on recent 
advances in the field of illumination are now 
awaiting publication in ELECTRICAL ENGI- 
NEERING. Inasmuch as the Institute’s pub- 
lication committee has decided that it is 
expedient to publish more items of general 
interest, the committee decided to re-estab- 
lish its policy of supplying a series of short 
illumination notes so that the editor might 
have these on hand for use as filler material 
when occasion arises. Members of the 
committee were urged to prepare such items 
on current advances in illumination that 


* See pages 319-24. 
{ See pages 302-04. 
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come to their attention and submit them 
to the chairman. 

Plans for the session on lighting to be held 
during the Institute’s 1937 summer con- 
vention were discussed, and the desira- 
bility of avoiding a parallel session was 
emphasized. There was some discussion 
also of the various papers proposed for 
presentation at that session. 


Committee on Power Generation 
By G. M. Armbrust, Chairman 


Recent developments in subjects pertain- 
ing to the work of the committee were dis- 
cussed. 

It is the opinion of the committee that 
sufficient new material for papers is avail- 
able for a session on power generation at 
the Institute’s 1938 winter and the following 
summer conventions. 

The committee will endeavor to arrange 
symposia covering 2 or 3 subjects such as 
“superimposed units, their economic ad- 
vantages and justification,” and ‘“‘parallel 
operation ef power plants and interchange 
of power over transmission systems.” 


Committee on Research 
By W. B. Kouwenhoven, Chairman 


This meeting was attended by 18 mem- 
bers. F.M. Farmer reported that funds had 
been raised for carrying on the investigation 
on the ‘‘stability of impregnated paper insu- 
lation’”’ under the direction of Doctor J. B. 
Whitehead of Johns Hopkins University. 
He also reported that the work had been 
started December 1. The supervisory com- 
mittee co-operating in this investigation 
consists of H. H. Race, chairman, General 
Electric Company, Schenectady, N. Y.; 
R. W. Atkinson, General Cable Corpora- 
tion, Perth Amboy, N. J.; W. F. Davidson, 
Brooklyn (N. Y.) Edison Company; R. J. 
Wiseman, Okonite Company, Passaic, N. J.; 
and K. S. Wyatt, Detroit (Mich.) Edison 
Company. This committee reported that 
it had met with Doctor Whitehead and had 
unanimously agreed to a definite plan of 
procedure in carrying out the investigation. 
Mr. Farmer then reported on the status of 
the funds for the ‘“‘investigation in the field 
of electric shock.’”’ He stated that the 
necessary funds had not been fully raised 
and that the balance is expected to be avail- 
able within a short time. _ 

Mr. Farmer also reported on the list of 
research projects that the research com- 
mittee has circulated in the past, which list 
he is now revising. He especially requested 
the members of the committee to furnish 
him with suggestions; suggestions from 
others also are welcome. He reported that 
the previous lists had proved very useful. 

A discussion followed of the methods by 
which members of the committee could best 
co-operate with their local Institute Sec- 
tions. It was decided that each national 
committee member should offer his services 
to the chairman of his local Section. 

The Committee decided to hold a session 
at the Institute’s 1937 summer convention; 
4 papers were proposed for this meeting. 

The committee also discussed the ques- 
tion of rural electrification and the problems 
that exist in that field. K.K. Paluey pre- 
sented an excellent summary of the eco- 
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nomic features of rural electrification. The 
chairman was instructed to present this to 
the newly appointed special committee on 
Institute activities. 


Electronics Subcommittee 
By H. M. Turner, Chairman 


At the meeting of this subcommittee, 
which is a joint subcommittee of several of 
the Institute’s technical committees, further 
consideration was given to plans for the 
1937 summer convention. It is hoped that 
the electronics subcommittee will have at 
least one formal paper (preferably from the 
Milwaukee, Wis., region) and a conference 
on electronics with emphasis on industria] 
applications. The details will be worked 
out with the convention committee in the 
near future. 

Preliminary plans were made looking 
toward a rather ambitious program for the 
AIEE winter convention in 1938. It seems 
likely that 2 sessions will be required to 
cover adequately the various phases of 
electronics, and there probably will be a 
conference which will permit a more com- 
plete and informal discussion of points 
brought out in the formal presentation. 
The electronics subcommittee will work with 
other committees in bringing into focus 
electronic developments and applications 
and in unifying them for the benefit of the 
Institute membership. It will continue 
the symposium idea that was so successful 
2 years ago, but on a somewhat different 
basis. 

Several subjects that have been proposed 
were considered from the standpoint of their 
suitability for discussion at the Institute’s 
1938 winter convention. 


Group III of Subcommittee on 
Conductors, Towers, and Wood Poles 
By Edwin Hansson, Chairman 


This was a routine meeting of this group, 
which is one of 3 groups of the subcommittee 
on conductors, towers, and wood poles, of 
the Institute’s power transmission and dis- 
tribution committee. Group I is concerned 
with towers; group II with wood poles, and 
group III with conductors. Group III was 
established for the purpose of studying par- 
ticularly the question of vibration in trans- 
mission line conductors, and to establish 
satisfactory endurance limits. This work 
is progressing. } 


Transformer Subcommittee 
By |. W. Gross, Chairman 


Transformer standards came up for ex- 
tensive discussion at the meeting of this 
group, which is a subcommittee of the 
Institute’s committee on electrical machin: 
ery. The sectional committee on trans: 
formers of the American Standards Associa: 
tion for some time has been preparing, ané 
now is about to issue, a report on a proposed 
American Standard on power transformers 
that is scheduled to embrace the AIEE 
standard ‘“‘transformers, induction regula 
tors, and reactors (AIEE No. 13), the AIEE 
publication ‘‘Recommendations for thi 
Operation of Transformers’ (AIEE No 
100), and the AIEE proposed ‘‘Test Cod 
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or Transformers.’”’ The AIEE transformer 
ubcommittee is keeping closely in touch 
vith this development, co-operating with 
he ASA sectional committee on trans- 
ormers, and expects to keep in touch with 
he situation until such time as the ex- 
ected reports shall have run the gamut of 
volution and emerged in final form. 

With reference to present impulse tests, 
he subcommittee unanimously agreed to 
Iter the method of designating impulse 
roltages as used in the impulse testing of 
ransformers—from inches-of-gap to kilo- 
rolts—without in any way changing the 
nagnitude or character of the tests. This 
s a change in terminology only, leaving 
est procedure unchanged. 

To study and later to recommend prac- 
ical methods for the drying out of trans- 
ormers in the field, a subcommittee group 
as been set up. Recognizing that circum- 
tances frequently prevent the shipment of 
lamaged apparatus from the field to labora- 
ories, repair shops, or other concentration 
oints fully equipped with rehabilitation 
quipment, and recognizing also the limita- 
ion of equipment and specially trained 
ersonnel in the field, the subcommittee’s 


desire is to establish specifications of prac- 
tical procedure that will obviate the possi- 
bility of damage to transformers that would 
result from exceeding safe temperature 
limits during the dry-out period. 

To bring up to date the information con- 
cerning impulse strength of transformers, 
a subcommittee technical paper was pro- 
posed to give full consideration to this as 
well as to other related phases of the general 
problem of insulation co-ordination. 

Methods of making front-of-wave impulse 

tests on transformers were discussed at some 
length. Consensus of opinion, however, 
was to the effect that further study is 
required before any standard could be 
promulgated. 
» The problem of establishing, in terms of 
the normal clearance of the bushing alone, 
minimum limits of acceptable (or safe) 
mechanical clearance between bushing ter- 
minals and case or other nearby integral 
parts of a transformer was discussed and 
assigned to a sub-group for further study 
and later report. 

Comments and suggestions pertaining to 
any of the foregoing points are solicited by 
the subcommittee. 


Reports of 4 Technical Conferences 
Held During the Winter Convention 


np PROVIDE opportunity for the in- 
ormal ‘“‘round-table’’ discussion of tech- 
ical subjects of a specialized nature, 4 
technical conferences’? were held during 
he Institute’s 1937 winter convention, 
nder sponsorship of 3 technical committees 
nd 1 subcommittee. Brief reports of these 
onferences are presented here. These re- 
orts have been prepared by the presiding 
fficers of the respective conferences, except 
xr the conference on test codes for rotating 
1achines, which was prepared by the chair- 
1an of the sponsoring technical committee. 


ducation 
By O. W. Eshbach, Chairman 


This morning-long round-table conference 
ponsored by the Institute’s committee on 
ducation drew an attendance of more than 
0 committee members and other interested 
ersons, taxing the facilities of the board 
90m where the meeting was held. 

Although several different subjects per- 
uining to the committee’s work were en- 
sred for discussion, the major portion of the 
me was devoted to a general discussion 
mncerning some of the many factors in- 
olved in the current program of the Engi- 
eers’ Council for Professional Development 
cident to the accrediting of engineering 
iwricula in the principal educational institu- 
ons in the United States. Recent experi- 
ices incident to this accrediting program 
. the New England and Middle Atlantic 
‘eas were discussed at length, and special 
tention was given to an informal outline 
id explanation presented by Doctor A. B. 
ewman covering the long-established ac- 
editing practice of the American Institute 
Chemical Engineers. 

Concerning the question of what consti- 
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tutes adequate and otherwise acceptable 
“minimum standards”’ of engineering educa- 
tion, the general consensus of opinion was 
that this highly ramified subject presented 
many related aspects such that there can 
be no written specification but the judg- 
ment of experienced people must prevail. 
The committee discussed its plans for 
participation in the program of the Insti- 
tute’s forthcoming summer convention, and 
laid definite plans for a 1938 convention 
program appointing a ‘‘steering committee”’ 


consisting of O. W. Eshbach, chairman of 
the committee on education; Dean J. W. 
Barker of Columbia University; and Pro- 
fessor Robin Beach, head of the department 
of electrical engineering, Brooklyn Poly- 
technic Institute. 


Network Analysis and Synthesis 
By Edward L. Bowles, Chairman 


At this conference, which is the second 
of its type to be sponsored by the Institute’s 
committee on communication, the subject 
of special network problems that have 
arisen in connection with the design of radio 
receivers was presented for discussion as 
follows: 


1. SIDELIGHTS ON THE MULTIPLEX ANTENNAPLEX 
System, by V. D. Landon (this subject deals with 
filters, amplifiers, and transformers involved in the 
operation of an antenna system over a wide range 
of frequencies). 


2. COoNSTANT-k MULTITRANSFORMER FILTERS FOR 
COVERING A WIDE RANGE OF FREQUENCIES, by 
H. A. Wheeler. 


3. DrRivinc A FILTER FROM A REACTIVE GENERA- 
Tor, by H. A. Wheeler. 


4. Tue Use oF THE Mvu-Beta DIAGRAM IN THE 
ANALYSIS OF FEED-Back Circuits, by H. F. 
Mayer. 


5. THE PROPERTIES OF DIRECTIVE MuTUAL 
REACTANCE OBTAINED BY THE USE OF VaCcuUM 
Tuses, by H. A. Wheeler. 


The presentation elicited a very whole- 
some discussion which was entered into 
freely by the many individuals whose work 
dealt with problems in or relating to the 
field of radio receiver design. From the 
observers point of view, it was gratifying 
to see such freedom of discussion and ap- 
parent lack of hesitation in the expression 
of opinion. 

The subject of the program quite natu- 
rally led to the conclusion that very soon the 
field of network theory will be generally 
recognized to include active circuit ele- 
ments, such as vacuum tubes, and other 
general circuit elements as, for example, the 
already applied piezo-electric crystal, and 


A group of alumni of the University of Illinois attended the smoker held during the Institute’s 
1937 winter convention, including 11 members of the class of 1909 all of whom had not been 


together at one time since graduation. 


Left to right, seated: H. A. McCrea (A'23, M'30) 


Boston, Mass.; E. C. Nein, New York, N. ¥.; D. A. Henry, New York; P. M. Farmer (M'19) 
New York; and R. E. Doherty (A’16, M'27, past-chairman of committee on education) Pitts- 
burgh, Pa.; standing: H.C. Dean (A'26, M'29, chairman of board of examiners) New York; 
E. D. Doyle (A'09, F'27) Philadelphia, Pa.; A. B. Campbell (A’20, M'24) New York; 
H. D. Braley (A’18) New York; B. M. Fast, New York; |. W. Fisk (A’10,M’'13) New York; 
W. C. Nein (A'08, M'25) New York; M. E. Reagan (A’20, M'30, chairman of committee 
on automatic stations) East Pittsburgh, Pa.; H. G. Wood (A’23, M’28) Harrison, N. J.; E. S. 
Lee (A'20, F'30, past-chairman of membership committee) Schenectady, N. Y.; H. O. Sieg- 
mund (A'19, M'27) New York; and H. H. Henline (A’19, M'26, national secretary) New York 
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that future applications of these newer 
circuit elements will lead to great departures 
from what may be termed conventional 
selective network design. 

The substantial attendance at both this 
conference and the one held during the 
1936 winter convention is, it appears, an 
indication of the worth-while nature of 
meetings of this character which, if they are 
continued in a vigorous manner, should 
serve a very useful purpose in aiding the 
development and application of network 
theory through personal contact and free 
and liberal interchange of ideas. 


Sound Measurement 
By P. L. Alger, Chairman 


Specialists of other organizations, as well 
as Institute members attended this confer- 
ence, which was sponsored by the sub- 
committee on sound of the Institute’s 
standards committee. A draft of a pro- 
posed test code for the measurement of 
apparatus noise was reviewed and approved 
in final form for submission to interested 
individuals and organizations for approval 
and subsequent printing by the Institute. 
This new code is based upon the already 
published American Standards for acoustic 
terminology, sound measurements, and 
sound level meters (224.1, 224.2, and 
224.3). These standards, however, only 
define means of measuring the sound level 
at any single point in space and give no 
information on how to describe the noise 
produced by apparatus, which involves 
taking a number of sound-level readings at 
different locations around the apparatus, 
and evaluating the effects of ambient sound 
level, sound reflections from walls and other 
parts of the environment, and transmitted 
vibrations. The new code describes both 
factory and field test procedures necessary 
for these purposes, but leaves to the indi- 
vidual manufacturer, industry, or user of 
apparatus the specification of the number 
of measurements, distances, and other 
factors, which may be most suitable in any 
particular circumstances. 

The code should serve a useful purpose in 
educating both makers and users of appa- 
ratus to their separate responsibilities for 
securing quieter living conditions, and in 
enabling the various causes of unsatisfac- 
tory noise conditions to be more quickly 
traced and remedied. 

Following the discussion on this test 
code, the question of further activity of the 
subcommittee on sound was considered 
briefly. It was decided that the sub- 
committee should continue its work, chiefly 
for the purposes of education and organized 
discussion of noise problems. In this con- 
nection, it was suggested that a joint round- 
table session might be held with the Insti- 
tute’s committee on electrical machinery to 
discuss questions related to the use of elas- 
tic mountings for electric motors and trans- 
mitted noise problems. 


Test Codes for Rotating Machinery 


By J. L. Hamilton, Chairman, Committee on 
Electrical Machinery 


This report gives a brief résumé of the 
development of test codes for rotating 
electrical machinery, and presents an out- 
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line of the discussion and action taken at 
this conference, which was sponsored by the 
committee on electrical machinery. G. A. 
Waters, chairman of the induction machin- 
ery subcommittee, presided. Future activi- 
ties of the committee in connection with 
each of the codes are indicated. 

In May 1929, the board of directors of 
the Institute approved a proposal of the 
standards committee calling for the de- 
velopment of test codes for the principal 
types of electrical machinery and apparatus. 
The actual formulation of a series of such 
codes was then placed by the standards 
committee in the hands of the committee 
on electrical machinery. In July 1931 that 
committee made its first report, submitting 
“Test Code for Transformers.’’ The ‘‘Test 
Code for Synchronous Machines’? was the 
second, and ‘Polyphase Induction Ma- 
chines” the third of the proposed series. 
A test code for d-c’ machines is being 
developed at the present time. That the 
electrical industry might become fully cog- 
nizant of the work that has been under- 
taken and at the same time obtain a clear 
picture of the proposed contents of such 
codes, the standards committee arranged 
for their publication as reports in pamphlet 
form. 

In order to determine the performance 
characteristics of electrical machines, meth- 
ods of testing, or test codes, have been 
developed and are in common usage. It is 
the purpose of these test codes to provide in 
convenient reference form the more gener- 
ally applicable and accepted methods of 
conducting and reporting tests of a com- 
mercial nature, which apply to the fulfill- 
ment of performance guarantees and to 
acceptance tests. It is not intended that 
the codes shall cover all possible tests or 
those of a research nature. It must be 
recognized that the selection of the most 
suitable test depends upon local conditions 
and the degree of precision desired. 

The subcommittee on synchronous ma- 
chines has prepared another preliminary 
report on a proposed test code for syn- 
chronous machines which was printed 
January 1937 and is available for distribu- 
tion. 

The discussion of test codes for syn- 
chronous machines developed some sug- 
gested changes which were referred to the 
chairman of the subcommittee on syn- 
chronous machines for consideration and 
action. 

The first preliminary test code on poly- 
phase induction machines was printed and 
distributed in January 1935. Many valu- 
able suggestions for changes and improve- 
ments in this preliminary code have been 
received and considered; these were in- 
corporated in a report by the subcommittee 
on polyphase induction machines and were 
considered at this round-table conference. 
The conference approved the releasing for 
publication of the code for polyphase in- 
duction machines after the editing com- 
mittee has completed its work. It has not 
yet been decided as to whether this test 
code will be recommended to the standards 
committee as a second preliminary report 
or otherwise. 

The work on the test code for d-c ma- 
chines had developed to the point where a 
few copies of a preliminary report on the 
proposed code were distributed in January 
1937 for use at this conference. Suggested 
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improvements in the preliminary report 
were referred to the chairman of the sub-— 


committee for consideration and action, 
The subcommittee’s final report will prob- 
ably be printed as a preliminary report on 
a proposed test code for d-c machines. 

The committee on electrical machinery 
takes this occasion to draw attention to 
the value of criticisms based upon experi- 
ence. Any suggestions looking toward im- 
provement in these codes will be welcome 
for guidance in the preparation of future 
editions. 3 


ASTM Standards 
on Insulating Materials 


A compilation of all the standards of the 
American Society for Testing Materials per- 
taining to electrical insulating materials has 
been issued in a 1936 edition which includes 
a number of revised test methods covering 
the following: varnishes, solid filling and 
treating compounds, sheet and plate ma- 
terials, natural mica, untreated paper, insu- 
lating oils, and varnished cloths and tapes. 
Revised specifications cover friction tape, 
black bias-cut varnished tape, and asbestos 
yarns, tape, and roving. 

In addition, standards are given also for 
rubber gloves, rubber matting, electrical 
cotton yarns, silk and cotton tapes, pasted 
mica, and slate; also rubber insulating 
tape, flexible varnish tubing, and electrical 
porcelain. Test procedures cover thickness 
testing, impact resistance, thermal conduc- 
tivity, and resistivity. The 1986 report of 
committee D-9 on electrical insulating ma- 
terials is included; this report outlines the 
extensive research and standardization work 
being carried on by the committee. Copies, 
in heavy paper cover, can be obtained at $2 
each from ASTM headquarters, 260 South 
Broad Street, Philadelphia, Pa. 


Springfield Section 
Offers Electronic Course 


A course of instruction in electron theory, 
tubes, and circuits is being given under 
auspices of the AIEE Springfield Section 
in order to provide an opportunity for ac- 
quiring knowledge of an increasingly im- 
portant subject at reasonable cost. Classes 
meet weekly, the course covering approxi- 
mately 18 weeks, and each class is limited to 
25. Preference is given to members of the 
AIEE, but nonmembers are admitted upon 
the payment of $1 in addition to the regular 
$10 fee for the course. For the additional 
fee, nonmembers become local members of 
the Section for the remainder of the Section 
year. 

The course is planned for beginners in 
the study of electron theory, but students 
are expected to have a working knowledge 
of a-c and d-c theory and electrical-engineer- 
ing terminology. D. KE. Noble (A’32) 
assistant professor of mechanical engineer- 
ing at Connecticut Agricultural College, 
has been chosen as instructor for the 
course. 
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Yoctor Elihu Thomson 


Honored at Welding Session 


3 
RESENTATION and discussion of the 


aper ‘‘Resistance Welding Circuits’ by 
. L. Pfeiffer (A’21, M’27) constituted the 
rst item on the program of the session on 
ectric welding held during the Institute’s 
scent winter convention. This paper was 
ublished in the August 1936 issue of 
LECTRICAL ENGINEERING, pages 868-73. 
t the conclusion of the discussion, a demon- 
tation lecture entitled “Some Fundamen- 
ul Phenomena of the Electric Arc’’ was 
resented by Doctor C. G. Suits of the re- 
arch laboratory, General Electric Com- 
any, Schenectady, N. Y. Following 
Joctor Suits’s lecture and the ensuing 
iscussion, Herman Lemp (A’89, F’13) con- 
ilting engineer of the Ingersoll-Rand Com- 
any, New York, N. Y., presented rem- 
liscences of Professor Elihu Thomson’s 
indamental invention of electric resistance 
elding. His address was supplemented by 
smarks by Albert L. Rohrer (A’87, M’88) 
tired, Maplewood, N. J., who is said to be 
1e only living witness of Professor Thom- 
mn’s early efforts to develop the resistance- 
elding art. H. M. Hobart, chairman of 
1e Institute’s committee on electric weld- 
1g, presided at the session; he was assisted 
y K. L. Hansen, ex-chairman of the com- 
littee on electric welding, and W. E. 
rawford, a member of the committee for 
ne past 5 years. 


ECTURE BY DocToR SuITS 


Doctor Suits has supplied the following 
bstract of the material used in his demon- 
‘ration lecture: 

Contemporary Arc Theory. The Compton 
aeory of the electric arc serves as the 
yundation for the development of the 
10dern thermal concept of the high pres- 
ire discharge. Measurements of arc-core 
-mperatures made by several methods, such 
s (1) from gas density, by X ray absorption 
VonEngel and Steenbeck), (2) spectro- 
raphic observations (Ornstein), or (3) by 
1e velocity of sound waves (Suits), show 
aat the arc core is a body of gas ionized to 

degree determined by its temperature of 
pproximately 5,000 degrees Kelvin. In 
his high-temperature arc core the current 
onduction is by a thermal ionization process 
1 quantitative agreement with Compton’s 
aeory in cases where the measurables are 
nown. On the basis of this picture the 
ore of an arc in air has the following prop- 
‘ties: Its temperature lies in the range 
f from 4,000 to 7,000 degrees Kelvin; its 
omposition is of the order of 20 per cent 
lo, 25 per cent O, 55 per cent N; partial 
ressure of electrons is 10~4 atmospheres; 
1e mean density is 0.00003 or approxi- 
lately 1/soth that of air at the same pres- 
ire and at room temperature; the gas 
iscosity is approximately 0.0016, which is 
early as great as that of water at the 
oiling point; the effective ionization poten- 
al lies in the range between 8°and 15 
olts. 

Arcs at Very High Pressures. New arc 
ata presented in the practically unexplored 
eld of very high gas pressures. To cover 
nis range several experimental chambers 
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are employed. Transient are stability is 
studied in a very small chamber up to pres- 
sures of 50 atmospheres. A second chamber, 
which employs a window, allows measure- 
ments of current, current density, and elec- 
tric gradient up to 200 atmospheres. A 
third hydraulic-ram chamber allows meas- 
urements of current, voltage, and light 
quality up to 3,500 atmospheres. It has 
actually been used with nitrogen up to 
1,275 atmospheres (18,800 pounds per 
square inch). In general, it is found that 
the current density, electric gradient, and 
arc luminosity increase with pressure. 
Probably the most important result of this 
study is the following correlation: Arcs in 
various gases and at various pressures de- 
velop the same current density and electric 
gradient at the pressures for which the heat 
transfer isthe same. Thus the arc in hydro- 
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gen at one atmosphere should have the 
same current density and electric gradient 
as the arc in nitrogen at approximately 100 
atmospheres, in agreement with experiment. 
Using this correlation law, arc properties 
can be predicted in a pressure range for 
which the measurements may be difficult or 
impossible. The generality of the theory 
awaits more complete measurements, but 
in the cases of nitrogen and hydrogen the 
agreement with experiment is as good as the 
knowledge of heat transfer ‘allows. 

Following his talk, Doctor Suits demon- 
strated some of his results by throwing an 
enlarged image of an experimental electric 
arc onto a ground-glass screen so that those 
in the audience could see. 

Experiment 1. This showed the arc be- 
tween pure carbon electrodes, with an arc 
length of 3 millimeters, and an are current 
of 6 amperes (d-c). From the image pro- 
jected on the screen, the arrangement and 
position of the electrodes and the dimensions 
of the arc column could be seen for compari- 
son with the following experiments. 

Experiment 2. For the same electrodes, 
arc length, and are current, the are in hydro- 
gen at a pressure of 1 atmosphere was shown. 
The much smaller diameter of arc column 
with resultant increase in current density 
appeared from the reduced size of the image. 

Experiment 3. For the same conditions 
as for experiments 1 and 2, the are was 
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shown in commercially pure nitrogen at a 
pressure of 1 atmosphere. This arc appeared 
to have characteristics quite identical with 
those of the arc in air. 

Experiment 4. For the same electrode 
arrangement and current the are was burned 
in nitrogen at a pressure of 80 atmospheres. 
At this pressure the arc cross-section de- 
creased and the current density was nearly 
as great as in hydrogen at 1 atmosphere. 
When the pressure was reduced from 80 at- 
mospheres to 1 atmosphere, the continuous 
increase in arc diameter with decrease in 
pressure was visible. 

In the discussion that followed, the 
opinion was expressed that the results pre- 
sented by Doctor Suits are of fundamental 
importance in the study of the electric arc, 
and that a published paper reporting those 
results would prove highly valuable for 
reference purposes. 


TALKS BY Messrs. LEMP AND ROHRER 


The following summary of remarks by 
Herman Lemp and Alfred L. Rohrer was 
prepared by Doctor G. E. Claussen of The 
Engineering Foundation, who attended the 
session. 

Mr. Lemp referred to the Franklin 
Institute lectures in 1878 by Professor 
Thomson, in which electrical discoveries 
were discussed. It was at this time that 
Professor Thomson commenced experiments 
leading to the development of electric re- 
sistance welding. He discharged a Leyden 
jar through the secondary of a Ruhmkorff 
coil. The ends of the primary, being close 
together, were found to have stuck together 
as a result of the discharge. Following the 
lead provided by this experiment, Professor 
Thomson was able in 1885, to make practical 
applications of electric resistance welding, 
as it is now known. 

Mr. Lemp then interrupted his remarks 
to introduce Mr. Rohrer, another former 
associate of Professor Thomson. Mr. 
Rohrer made a verbal sketch of the qualities 
that characterized all of Professor Thom- 
son’s work and made him a supreme ex- 
perimentalist and_ scientist. Professor 
Thomson was among the first to become 
convinced that all metals and alloys are 
weldable by the resistance process. The 
Ruhmkorff coil used by Professor Thomson 
in his early experiments, and having a 
capacity of 2,000 to 3,000 amperes is still 
in existence at Thomson’s laboratory, Lynn. 
Mass. Mr. Rohrer concluded his remarks 
by contrasting the experimental equipment 
for resistance welding used by Professor 
Thomson in the eighties with present-day 
resistance-welding machines of several types 
used extensively in industry. 

After Mr. Lemp had shown slides of re- 
sistance-welding equipment, he resumed his 
reminiscences of the early developments of 
the Thomson electric resistance welding 
concern. He presented brief biographies of 
several engineers who made noteworthy 
contributions to that development, includ- 
ing the following Institute members: Wal- 
ter S. Moody (A’06, F’12), Russell Robb 
(A’93, M’95), G. F. Sever (A’94, F’12), 
A. R. Everest (A’04, M’04); Messrs. Robb 
and Everest are deceased. Mr. Lemp re- 
ferred particularly to several of the out- 
standing achievements of the Thomson 
concern in the field of transformer and rotary 
convertor construction. Among other in- 
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teresting anecdotes, he recounted the experi- 
ences he had in applying electric resistance 
heating to the local annealing of hardened 
steel, such as armor plate, for the United 
States Navy. The process was first applied 
in the construction of the famous battleship 
“Oregon’”’ shortly prior to the war of 1898. 
Mr. Lemp also made it plain that the scope 
of the activities of the Thomson concern 
was international. 

At the conclusion of Mr. Lemp’s talk, 
those in attendance voted to send the follow- 
ing telegram to Professor Thomson: 


“We, members and guests of the American 
Institute of Electrical Engineers, here assembled, in 


Usefulness of Tensors 


reviewing the past, present and future of an art 
created by your vision and perseverance, send 
greetings to you and the assurance of our appre- 
ciation of what your work has meant to industry 
and the arts, and which in the hands of capable 
young engineers is bound to become more valuable 
as time goes by on the foundation laid down by 
you.” 


Before the meeting was adjourned, 
President MacCutcheon spoke briefly, stress- 
ing especially the importance of resistance 
welding to electrical engineers, first, because 
the process is fundamentally electrical, and 
second, because the process is very widely 
used in the construction of electrical ma- 
chinery. 


Probed at Convention Session 


Worn E. E. Dreese (M’25) chairman, 
electrical engineering department, Ohio 
State University, Columbus, presiding, more 
than 100 attended both the morning and 
afternoon sessions on tensor analysis, held 
on Tuesday, January 26, during the Insti- 
tute’s recent winter convention. The 
following 5 papers, all published in ELEc- 
TRICAL ENGINEERING, were presented: 


1. THe Trensor—A NeEw ENGINEERING TOOL, 
A. Boyajian. April 1936 issue, pages 856-62. 


2. TENSOR ALGEBRA IN TRANSFORMER CIRCUITS, 
L. V. Bewley. November 1936 issue, pages 1214— 
19. 


3. TRNSOR ANALYSIS OF MULTIELECTRODE TUBE 
Crecuits, Gabriel Kron, November 1936 issue, 
pages 1220-42. 


4. Dyapic ALGEBRA APPLIED TO 3-PHASE CIR: 
cuits, A. Pen-Tung Sah, August 1936 issue, pages 
876-82. 


5. Complex VECTORS IN 3-PHASE Circuits, A. 
Pen-Tung Sah, December 1936 issue, pages 1356— 
64. 


Following the formal presentation of the 
papers, the sessions were featured by enthusi- 
astic discussions by members and some guests 
who were invited, because of their particular 
qualifications, to present informal discussions 
onthe papers. Among the invited discussers 
was Doctor Banesh Hoffman, of the Institute 
for Advanced Study, Princeton (N. J.) Uni- 
versity, who discussed the papers from the 
point of view of the mathematician, show- 
ing the simplicity of the tensor method by 
assuming a simple hypothesis in the physics 
of motion and developing it into a tensor 
expression. He pointed out the advantages 
of tensors in distinguishing physical phe- 
nomena by avoiding the use of specific co- 
ordinate axes and reference frames; how- 
ever, he expressed the belief that at present 
electrical engineers are not using tensors as 
they are known in the realm of pure mathe- 
matics, but are using a modified form of 
tensor theory. 

Doctors Oswold Veblen and H. W. 
Tucker, also of the Institute of Advanced 
Study, Princeton University, continued the 
discussion of the purely mathematical aspect 
of tensors. Doctor Veblen spoke briefly 
about the controversial aspect of tensor 
analysis and its introduction as an engineer- 
ing tool, comparing the present controversy 
to the disputations aroused by the intro- 
duction of quaternions as an analytical aid. 
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He stated that tensor analysis is very valu- 
able to certain branches of science, but that 
it should not be forced upon the engineer 
as a universal instrument of analysis, for it 
is not the most easily applicable method 
for all types of problems. Doctor Tucker 
demonstrated the applications of some of 
the abstract processes of topology to the 
analysis of electrical circuits. 

Professor Karl L. Wildes (A’21, M’29) 
associate professor of electrical engineering 
at Massachusetts Institute of Technology, 
Cambridge, compared the methods of sym- 
metrical components and dyadic algebra 
in the analysis of unbalanced polyphase 
circuits, pointing out an advantage in the 
use of dyadic algebra for solving 3-phase 


E. E. Dreese 


After 2 sessions on tensors: 
(left) of Columbus, Ohio, who presided, and 
K. L. Wildes of Cambridge, Mass., one of the 


discussers 


circuits with unbalanced impedances. Pro- 
fessor Wildes asserted that engineers should 
not be too eager to adopt the method of 
tensors until its field of usefulness is more 
clearly defined, because the general applica- 
tion of method may be more obscure and 
devious than the methods now in use. 

W. E. Byrne, of Virginia Military Insti- 
tute, outlined briefly his experiences in at- 
tempting to teach the theory of tensors to 
a special class of senior students. He ex- 
pressed a need for closer co-operation be- 
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tween the teacher of mathematics and the 
practicing engineer. | 

W. H. Ingram, New York, N. Y., based | 
his discussion upon 2 premises: (1) tensors 
have not been introduced in electric-circuit 
theory to date; and (2) there is no necessity 
for using tensors in circuit analysis. He 
contended that the term “‘tensor analysis,” 
as used in electrical-engineering literature, 
is a misnomer and, moreover, that tensors 
have no direct application in electrical- 
engineering problems. 

Professor M. G. Malti (M’34) of Cornell 
University, Ithaca, N. Y., discussed briefly 
the need for new methods of analysis to 
deal with the complexities of modern elec- 
trical-engineering problems and the suit- 
ability of tensors in filling that need. He 
predicted that the tensor method will be 
found useful in so many branches of elec- 
trical science that its universal adsoption 
is inexorable, although it may be slow in 
finding such acceptance. Professor Malti 
recalled that many engineers bitterly con- 
tested Heaviside’s operational methods at 
the time of their introduction, but that those 
methods have become so widely useful that 
they can be ignored no longer. 

L. V. Bewley (A’27) in his closing dis- 
cussion emphasized an opinion expressed in 
his paper: that the tensor method, although 
extremely flexible, is an inefficient engineer- 
ing tool, because most problems do not re- 
quire the mathematical power obtainable 
by means of tensors. By way of substan- 
tiating this assertion, Mr. Bewley described 
the results obtained by a group of advanced 
engineering students in determining the best 
method of analysis in the solution of a great 
variety of electrical-engineering problems. 
Each problem was first analyzed to deter- 
mine the most suitable method of attack, 
solved by the method chosen, and recorded. 
Most problems were found to be most easily 
solved by the conventional vectorial meth- 
ods; only a relatively small number were 
advantageously solved by the use of the 
tensor method. 

Following a brief closing talk by P. L. 
Alger (A’17, F’30) of the General Electric 
Company, Schenectady, N. Y., who was 
one of the chief promoters of the tensor 
sessions, the afternoon session was adjourned 
by Chairman Dreese; however, several in- 
formal conferences were formed for the 
further pursuit of unfinished problems and 
arguments. According to Chairman Dreese, 
the sessions were notably combined meetings 
of engineers and mathematicians, in which 
the free interchange of ideas served to inform 
the mathematicians of new applications of a 
method of reasoning with which they are 
already familiar, and to suggest to the engi- 
neers some further applications of the tensor 
method, some necessary revisions in nomen- 
clature and symbols used in engineering 
papers, and some improvements to provide 
a more rigorous mathematical treatment of 
problems involving the use of tensors. 


; 


IES Moves Offices. General offices of the 
Illuminating Engineering Society have 
been nfoved from the Engineering Societies’ 
Building to the New York Life Insurance 
Company Building, 51 Madison Avenue, 
New York. All communications to the 
society should be sent to room 2100 at the 
new address. 


ELECTRICAL ENGINEERING 


Conference Held by 
Student Branches Committee 


Some 40-odd committee members, Student 
3ranch counselors, and other interested 
ersons attended a luncheon conference of 
he Institute’s Student Branches committee, 
eld at the Town Hall Club in New York, 
N. Y., January 27, 1937, during the recent 
vinter convention. Among those present 
vere Past-President (1902-03) Charles F. 
ott of New Haven, Conn.; Past-Vice- 
resident W. H. Timbie of Cambridge, 
Viass.; Vice-President C. Francis Harding 
f Lafayette, Ind.; Director R. W. Soren- 
en of Pasadena, Calif.; and Director F. 
‘lis Johnson of Columbia, Mo., who as 
hairman of the Student Branches com- 
nittee presided. 

Chairman Johnson reported that the or- 
anization of 3 new Branches had been au- 
horized on January 26, by the Institute’s 
ard of directors in accordance with the re- 
ommendation of the committee on Student 
3ranches: Tulane University, New Orleans, 
a.; Northwestern University, Evanston, 
ll.; and Columbia University, New York 
te Y. 

With reference to the organization of 
uture Student Branches, a question was 
aised concerning the possible influence of 
he current program of the Engineers’ 
‘ouncil for Professional Development in 
ecrediting engineering curricula. Two 
chools of thought on the subject were 
vident: (a) That the authorization of 
ranches should not be dependent upon the 
ccrediting of certain technical curricula; 
nd (6) that no Branch should be authorized 
1 institutions where electrical engineering 
urricula had not been accredited. The 
onsensus of opinion was to the effect that 
or the present, and until ECPD’s accredit- 
ig program has been carried further, there 
rould be no change in the committee’s basis 
or considering the organization of new 
tudent Branches. 

The perennial subject of student technical 
apers, particularly with reference to Dis- 
‘ict and national prize competition and 
ules governing such competitions, came up 
yr extended discussion. The general con- 
“asus of opinion seemed to be that the 
uestion of a proper basis for national 
rading of student papers “‘is not yet satis- 
ictorily settled.” 

Student Branch counselors came in for 
If-discussion, in connection with success- 
ful and effective 
conduct of Branch 
activities. Em- 
phasized during 
the discussion was 
the fact that the 
Branch counselor- 
ship is *“an im- 
portant position 
involving certain 
definite responsi- 
bilities as well as 
certain  privi- 
leges,’”’ and that 
the office should 
not be held by any 
one man for any 


irector F. Ellis John- 
yn, of the University of 


Aissouri, Columbia, great length of 
airman of Student time, but should 
ranches committee be passed around 

presiding among available 
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Group at head table at conference of Student Branch counselors; left to right: 
President W. H. Timbie, Massachusetts Institute of Technology, Cambridge; Past-President 
Chas. F. Scott, Yale University, New Haven, Conn.; Director F. Ellis Johnson (chairman) 
University of Missouri, Columbia; W.E. Wickenden, Case School of Applied Science, Cleve- 
land, Ohio; Past Vice-President H. V. Carpenter, State College of Washington, Pullman; 
T. F. Ball, University of South Carolina, Columbia; A. B. Newman (member of American 


Institute of Chemical Engineers) Cooper Union, New York, N. Y. 


Past Vice- 


In the foreground is W. R. 


Work, Carnegie Institute of Technology, Pittsburgh, Pa. 


faculty members so that full benefit might 
be derived from “‘new blood.”’ 

Student leadership, and the training of 
students for leadership, was believed by 
many to be one of the most important 
functions and opportunities of the Student 
Branch. It was strongly opined that the 
Branch “should be operated as a training 
ground for leadership,’ and that conse- 
quently as many students as possible should 
have the opportunity of serving as Branch 
officers and otherwise actively participating 
in the development and conduct of Branch 
affairs. 


Executive Committee of 
Southern District Meets 


A meeting of the executive committee of 
the Institute’s Southern District (Number 
4) was held at Chattanooga, Tenn., De- 
cember 5, 1936. The following attended: 


W. W. Hill, counselor, 
Institute Branch 

K. L. Dillon, secretary, Alabama Section 

C. W. McCracken, Birmingham, Ala. 

J. M. Flanigen, secretary, Atlanta Section 
Stanley Warth, chairman, Louisville Section 

W. A. Smith, chairman, Florida Section 

E. A. Corum, chairman (now past-chairman), 
Memphis Section 

J. E. Jackson, chairman, Virginia Section 

A. P. Farrow, secretary, East Tennessee Section 


Alabama Polytechnic 


Chase Hutchinson, chairman, East Tennessee 
Section 
E. E. George, vice-chairman, East Tennessee 
Section 


F. E. Johnson, secretary, New Orleans Section 
W. J. Seeley, student counselor, Duke University 
Branch 
Mark Eldredge, vice-president, Southern District 
R. F. Crenshaw, secretary, Southern District 
The District co-ordinating committee to 
function according to section 33 of the 
AIEE by-laws was selected as follows: 
Mark Eldredge and R. F. Crenshaw, ex- 
officio; F. W. Russell, Louisville, Ky.; 
H. N. Pye, Atlanta, Ga.; W. W. Hill, 
Auburn, Ala.; C. W. Ricker, New Orleans, 
La.; and K. L. Dillon, Birmingham, Ala. 


News 


Activities of the Sections were discussed 
by Vice-President Eldredge, following which 
the delegates representing the various 
Sections in the District gave brief outlines 
of the activities of their respective Sections. 
Mr. Hill summarized the student Branch 
activities, and mentioned that a District 
student conference is to be held in April 
at Auburn, Ala., with representatives from 
other colleges attending. 

Members of the committee next partook 
of a delightful luncheon, arranged by Mr. 
George, as guests of the Tennessee Electric 
Power Company. Following the luncheon, 
Edwin D. Wood, director and general 
superintendent of the Louisville (Ky.) Gas 
and Electric Company, was unanimously 
nominated as the District candidate for 
vice-president to succeed Mr. Eldredge. 
E. E. George was chosen to represent the 
District on the national nominating com- 
mittee. 

The monthly publication of the In- 
stitute, ELECTRICAL ENGINEERING, was the 
next topic for discussion. After con- 
siderable discussion of various phases of 
the publication, it was unanimously voted 
that the committee send the following 
resolution to headquarters: 

That in order to increase interest and value to the 
students and memberships at large, the journal 
should include a summary of each article being 
approximately 10 per cent of the length of the 
article and written by the technical staff of the 
journal, which would outline the paper or article 
for most readers without including the subject 
matter in a theoretical nature. Also that more 


illustrations and practical applications be presented 
whenever possible. 


Vice-President Eldredge gave a brief 
account of the discussion at a recent meeting 
of the Institute’s board of directors on the 
branching out of electrical engineers into 
fields beyond electrical engineering, such 
as economics, to encourage electrical engi- 
neers to study and be actively engaged in 
other subjects of world interest. It was 
suggested that every effort be made to 
stimulate employers to consider an appli- 
cant’s activity in engineering organizations 
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when evaluating his qualifications in 
addition to education and practical ex- 
perience. The importance of engineers in 
executive positions in actively engaging 
in the affairs of engineering organizations 
was emphasized. 

Following discussion of other routine 
matters, the committee was taken on an 
inspection tour through the dispatching 
headquarters of the Tennessee Electric 
Power Company. 


Acoustical Terminology 


Standard Completed by ASA 


A standard acoustical terminology for 
engineers which is intended to eliminate 
confusion in motion picture, radio, and 
building fields has just been completed, ac- 
cording to an announcement by the Ameri- 
can Standards Association. This standard 
is the work of engineers, musicians, manu- 
facturers, and scientists, and has been 4 
years in development. According to Leo- 
pold Stokowski, a member of the committee 
in charge: ‘‘In the America of the future 
radio and motion pictures will be important 
in developing our civilization. For this 
we need a complete understanding between 
engineers and musicians.’”’ The new stand- 
ard is expected to achieve this “‘understand- 
ing.” 

The committee gives a broader meaning 
to the word ‘‘noise,’’ now defined in terms 
of the listener as an “unwanted’’ sound 
rather than in terms of the sound itself. 
A section of the standard deals with archi- 
tectural acoustics. Another section that 
provides standard terms for the measure- 
ment of hearing will be useful to the medical 
profession and to manufacturers of aids for 
the partially deaf. Other parts dealing with 
the conversion of sound to electrical energy 
and with acoustic transmission systems will 
be of particular value in motion picture and 
radio work. 

A separate section for music brings engi- 
neers and acoustical experts into agreement 
with musicians on a basic standard pitch, 
the importance of which can be judged by 
the fact that an increase of only 4.14 per 
cent in pitch carried out through the entire 
keyboard of a piano would throw an addi- 
tional strain of approximately half a ton 
on the framework of the instrument. 

Standards for reference and intensity 
levels for sound measurement and for char- 
acteristics of measuring instruments have 
already been completed. 


Lamme Medal 
Awarded to Frank Conrad 


The 1936 Lamme Medal of the AIEE has 
been awarded to Doctor Frank Conrad 
(A’02) assistant chief engineer of the West- 
inghouse Electric & Manufacturing Com- 
pany, East Pittsburgh, Pa., ‘‘for his pioneer- 
ing and basic developments in the fields of 
electric metering and protective systems.” 
The medal and certificate will be presented 
to him at the annual summer convention 
of the Institute, to be held in Milwaukee, 
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Wis., June 21-25, 1987. A biographical 
sketch of Doctor Conrad may be found in 
the ‘‘personals”’ columns of this issue. 

The Lamme Medal was founded as the 
result of a bequest of Benjamin G. Lamme, 
chief engineer of the Westinghouse Electric 
& Manufacturing Company, who died on 
July 8, 1984; this bequest provides for the 
award by the Institute of a gold medal (to- 
gether with a bronze replica thereof) and a 
certificate annually to a member of the 
AIEE ‘“‘who has shown meritorious achieve- 
ment in the development of electrical ap- 
paratus or machinery,” and for the award 
of 2 such medals in some years if the accu- 
mulation from the funds warrants. A com- 
mittee composed of 9 members of the Insti- 
tute awards the medal. Previous recipients 
of the award have been: 1928, A. B. Field 
(A’08, F’13); 1929, R. E. Hellmund (A’05, 
F’13); 1980, W. J. Foster (A’07, F’16); 


Special Committee on Dues 
Recommends No Change 


For several years a special committee of 
the AIEE has studied the matter of dues 
and membership grades with particular 
reference to the dues of Associates. 

A final report was presented to the AIEE 
board of directors on January 26, 19387, 
recommending that no changes be made in 
dues or in membership grades at this time. 
The report was acted upon favorably by the 
board at this meeting. 

An intensive study over a long period 
forced the committee to come to this con- 
clusion. Any endeavor to place a time pe- 
riod in any membership grade with a change 
of dues involved the same fundamental 
criticisms that have been applied to the 
present rules. Any endeavor to make one 
fee for each grade without a time period in- 
volves increasing the dues in other grades or 
a penalty on the admission of young engi- 
neers. 

An endeavor to get uniformity in grades 
and dues for the founder societies was made 
without success and a study of the accom- 
panying tables shows that dues and grades 
for the AIFE are in line with the practices 
of these societies. 


1931, Guiseppe Faccioli (A’04, F’12, de- 
ceased); 1932, Edward Weston (A’84, 
M’84, past-president, deceased); 1933, 
L. B. Stillwell (A’93, M’92, F’12, member 
for life, past-president); 1934, H. E. War- 
ren (A’02), and 1935, Vannevar Bush (A’15, 
F’24). 

Mr. Lamme made similar bequests to the 
Society for the Promotion of Engineering — 
Education and Ohio State University, pro- 
viding in the former for the annual award of 
a medal “for accomplishment in technical 
teaching or actual advancement of the art 
of technical training,’ and in the latter for 
the annual award of a medal to a graduate 
of Ohio State University in any branch of 
engineering for meritorious achievement in 
engineering or the technical arts. The 3 
organizations adopted a common obverse 
for their medals, and each prepared a suit- 
able reverse. 


A statistical study of dues and members — 
and of the effect of the increase in dues for — 
6-year Associates gives no evidence that this — 
increased fee acts to deprive the Institute 
of members. 

The membership on May 1, 1936 (includ- 
ing those who were in arrears for only one 
year on that date) developed dues charges 
to a total of $192,085, and the grade classi- 
fications were as follows: 


691 Fellows @ $20 $ 13,820 — 
3,829 Members @ $15 57,435 
5,258 6-year Associates @ $15 78,870 
4,196 less-than-6-year Associates @ $10 41,960 

Total $192,085 


To revert to the former practice of charg- 
ing all Associates $10 dues would have re- 
duced the above total to $165,795, a differ- 
ence of $26,290. 

The membership committee of the New 
York Section recently made a recommenda- 
tion that the dues of all Associates, without 
regard to length of membership, be fixed at 
$12.50. If this provision had been in effect 
on May 1, 1936, the total dues charges 
would have been $189,480 or $2,655 less 


Table |—Entrance Fee and Dues of Engineering Societies 


ASME ASCE AIME AIEE 

Entrance Entrance Entrance Entrance 
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(a) Dues of junior member grade increased to $20 after 6 years of membership. 

(6) All members located within district number 1 (i.e., territory within 50 miles of New York City) 
pay $5 more than the amount indicated for each grade. 

(c) Membership ceases at 33 years of age, unless previously transferred to grade of associate member. 
(d) Membership in a student chapter includes privileges of special subscription rates to society publi- 


cations. 


(e) Dues charge of $10 obtains only for first 6 years after election or until reaching age of 33; there- 


after charge is $15. 


(f) Increased to $15 after completion of membership term of 6 years. 


News 


ELECTRICAL ENGINEERING 


le IIl—Associates Resigned and Dropped 
From May 1, 1927 to May 1, 1930 
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6-Year 
Associates Associates 
Per Per 


Number Cent Number Cent 
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le IS$]—Asssociates Resigned and Dropped 
From May 1, 1933 to May 1, 1936 


6-Year 
Associates Associates 
Per Per 


Number Cent Number Cent 
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1 the total actually charged in our rec- 
;. It seems to the committee that the 
blishment of dues of all Associates at 
50 would materially reduce the number 
ecent graduates applying for admission. 
1 table I data are shown regarding the 
3, and special arrangements applicable to 
n, of the 4 large national engineering so- 
ies. In this tabulation it may be noted 
the dues of the American Institute of 
ing and Metallurgical Engineers do not 
1 greatly from those of the AIEE, and 
the dues of the American Society of 
1 Engineers and The American Society 
Mechanical Engineers are materially 
ier. It is also significant to note that 
1 the AIME and ASME have adopted 
visions similar to that of the AIEE, ad- 
ing the dues charge to the junior mem- 
srade after 6 years or after the age of 33 
he AIME. The ASME no longer ter- 
ates membership in the junior grade at 
age of 35 as was the practice until a few 
s ago. It seems obvious that on the 
; of any comparison with the dues of the 
r societies the Institute’s arrangements 
ar favorable. 

tables II and III is information regard- 
‘he numbers of Associates who resigned 
who were dropped during 8 fiscal years 
nning May 1, 1927, and in 3 fiscal years 
nning May 1, 1938, in order that the re- 
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sults both during and before the depression 
may be noted. 

The percentages of Associates of less than 
6 years standing who were dropped are 
higher in all 6 years than those of Associates 
of more than 6 years standing. The per- 
centages of Associates of more than 6 years 
standing who resigned were higher in 5 of 
the years than the percentages of those of 
less than 6 years, but, of course, the figures 
for resignations are far below those of the 
numbers dropped. Hence, the total per- 
centages dropped and resigned are higher 
for the less-than-6-year Associates in 5 of 
these 6 years. 

Table IV is included to give some very re- 
cent figures regarding Associates who were 
delinquent. These do not indicate any ad- 
verse effects of the change in dues. 

The committee has had opportunities to 
study during the past few years a great 
many tables dealing with these matters. 
The tables presented herein seem to be rep- 
resentative. After watching with the great- 
est care the results of the change in dues of 
Associates since the adoption, the commit- 
tee concludes that the increase has had no 
appreciable effect upon the losses from the 
membership. 

It seems essential to offer some reduction 
in dues to recent graduates for a few years. 
Since they constitute a high percentage of 
Associates admitted, it seems unnecessary 
and undesirable to make provisions for 
different dues for 2 groups, one including the 
recent graduates and the other including any 
other Associates admitted. 

Some members have said that on account 
of the psychological effects of the present 
arrangements some kind of a change should 
be made. Any other plan involving a 
change in dues after the lapse of a certain 
period of time would, in the opinion of the 
committee, cause fully as much dissatisfac- 
tion as does the present plan. The types of 
members who will be a credit to the Institute 
seldom object, and we should not be unduly 
influenced by the “‘kicker’’ class. The com- 
mittee has not heard any good reason why 
Associates should not after 6 years pay their 
fair share of the cost of conducting Institute 
activities. 

A printed sheet has for 5 or 6 years been 
sent to all Associates at the time they reach 
the end of the 6-year period and are called 
upon to pay the dues of $15. Since head- 
quarters has been supplying this informa- 
tion directly to the individuals concerned 


Table IV—Associates Delinquent on July 1, 
1935 and on July 1, 1936 


6-Year 


Associates Associates 


Per Per 
Membership on Number Cent Number Cent 
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there have been fewer complaints than be- 
fore. 

It seems to the committee that there are 
obvious advantages in the flexibility of the 
provisions for Associates who are in the 3 
large groups mentioned in paragraph, 6 
of the printed information. 

In view of the thorough study made of 
the effects of the present system and of all 
possible suggestions for changes, the com- 
mittee agreed to the conclusion that no 
changes be made at this time. 

The special committee to consider dues of 
associates and related matters was ap- 
pointed in 1932; the following served on the 
committee: L. W. W. Morrow (chairman 
1935-37), H. H. Barnes, Jr. (chairman 1932-— 
33), H. Goodwin, Jr., W. H. Harrison, J. 
Allen Johnson (deceased, chairman 1933- 
35), E. S. Lee, and E. B. Meyer (deceased). 


Comments Invited on 
ECPD Recognition Report 


The report of the committee on profes- 
sional recognition of Engineers’ Council for 
Professional Development, presented at the 
annual meeting of that organization held on 
October 6, 1936, was published in the De- 
cember 1936 issue of ELECTRICAL ENGINEER- 
ING, pages 1390-92, with a statement that 
official action by ECPD on the recommen- 
dations included in the report had been de- 
ferred pending further consideration at a 
future meeting, and that comments on these 
recommendations were invited. 

This report was discussed briefly at the 
meeting of the AIEE board of directors held 
during the Institute’s 1987 winter conven- 
tion, and was referred to the committee on 
economic status of the engineer for report to 
the board. Professor R. W. Sorensen, 
California Institute of Technology, Pasa- 
dena, chairman of that committee, requests 
that AIEE members read the report and 
send their comments directly to him. 


AIEE Members Receive 
Eta Kappa Nu Awards 


Many prominent members of the AIEE 
were present at a meeting of the Eta Kappa 
Nu Association on January 25, 1937, at 
New York, N. Y., when F. M. Starr (A’30) 
central station engineer of the General 
Electric Company, New York, N. Y., 
received the award in the 1936 Eta Kappa 
Nu recognition of “outstanding young 
electrical engineers.” His name will be 
engraved on a trophy to be placed at AIEE 
headquarters; a small replica of the trophy 
was presented to Mr. Starr. Certificates of 
honorable mention were presented to P. L. 
Bellaschi (A’29, M’34) Westinghouse Elec- 
tric & Manufacturing Company, Sharon, 
Pa.; E. W. Boehne (A’29) General Electric 
Company, Philadelphia, Pa.; A. C. Seletzky 
(A’29, M’35) Case School of Applied Science, 
Cleveland, Ohio; and C. G. Veinott (A’28, 
M’34) Westinghouse Electric & Manufac- 
turing Company, Springfield, Mass. An 
announcement of the awards and biograph- 
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K. M. Winkworth 


A group at the presentation of the Eta Kappa Nu awards as ‘outstanding young electrical 

engineers’; from left to right, A. C. Seletzky and E. W. Boehne, 1936 honorable mention; 

F. M. Starr, 1936 winner; C. A. Faust, president of Eta Kappa Nu Association; C. G. Veinott 
and P. L. Bellaschi, 1936 honorable mention 


ical sketches of those receiving them were 
published in the January 1937 issue of 
ELECTRICAL ENGINEERING. 

Charles F. Scott (A’92, F’25, HM’29, 
past-president) spoke on “‘Opportunity and 
Young Engineers,” calling on F. M. 
Feiker (M’34) of American Engineering 
Council for a few words. Vladimir Karape- 
toff (A’03, F’12, Life Member), to illustrate 
his subject ‘“‘Art and Culture for the Engi- 
neer,’ played selections on the piano. 
Other Institute members taking part in the 
ceremonies were C. A. Faust (A’35) toast- 
master, R. I. Wilkinson (A’35), M. S. 
Mason (M’31), E. S. Lee (A’20, F’30, 
director), and Morris Buck (A’05, F’23). 

Mr. Starr delivered an address, ‘‘Let’s 
Take a Look at Ourselves.’”’ Other ad- 
dresses were ‘“‘The Young Engineer and His 
Success” by Mr. Bellaschi, ‘‘Engineering 
Appreciation” by Mr. Boehne, “Broken 
Bones” by Doctor Seletzky, and ‘‘Achieve- 
ment, Perspective, and Balance” by Mr. 
Veinott. Doctor Seletzky described appa- 
ratus, developed in collaboration with 
Doctor W. McGaw of Western Reserve 
University, that is intended for use in 
studying the progress of ‘‘knitting’ or 
healing of fractured bones. An inertia- 
operated crystal vibrator driven by an 
oscillator is applied to one end of the frac- 
tured member, and an inertia-operated 
pickup of the crystal type, connected 
through an amplifier to an output meter, is 
applied to the other end of the fractured 
members so that the fracture is between 
them. The sound-intensity measurement 
obtained is compared with the measure- 
ment obtained on the “‘symmetrical mate” 
of the fractured member (that is, the right 
leg if the left leg be the broken member), 
and the ratio indicates the degree of ‘“‘knit- 
ting,” unity being perfect. The method is 
said to be of exceptional value in so-called 
“delayed unions”’ where the X ray may not 
reveal the true condition. 


Federal Power Commission Report. In the 
sixteenth annual report to Congress, sub- 
mitted by Frank R. McNinch, chairman; 
Basil Manly, vice-chairman; Herbert J. 
Drane, Claude L. Draper, and Clyde L. 
Seavey, commissioners, the Federal Power 
Commission reports ‘increased activity in 
the various functions which have been per- 
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formed for 16 years, and marked progress in 
the new activities entrusted to the com- 
mission by Congress in the Federal Power 
Act of 1935.’’ The report, which is for the 
fiscal year ended June 30, 1936, and with 
additional activities to December 1936, 
consists of a 68-page paper-covered pam- 
phlet, 6 by 9 inches, and may be obtained at 
10 cents per copy from the Superintendent 
of Documents, Washington, D. C. 


North Eastern District 
to Meet in Buffalo May 5-7 


Buffalo, N. Y., will be host to a 3-day 
meeting of the North Eastern District 
with headquarters in the Statler Hotel, 
May 5-7, 1937. Tentative arrangements 
indicate that an interesting program, con- 
sisting of 3 or more technical sessions, a 
student technical session, entertainment, 
and inspection trips, will take place. Ar- 
rangements are to be made for a dinner on 
Thursday evening with a popular lecture 
afterward; there will also be a dance in 
the hotel on that evening. 

Buffalo and its environs offer oppor- 
tunities for many inspection trips among a 
variety of industries. There are the various 
steel mills, the Ford Motor Company, and 
the Huntley station as well as several other 
stations of the Buffalo General Electric 
Company. In addition, arrangements may 
be made for a golf tournament, and the 
city offers many attractive types of amuse- 
ment. 

Further details will be announced when 
made available. 


Consulting Engineer Dies. J. F. Max 
Patitz, chief consulting engineer of the Allis- 
Chalmers Manufacturing Company, Mil- 
waukee, Wis., died January 3, 1937. He 
was associated with the company for more 
than 51 years, during nearly 26 of which he 
served as consulting engineer. Mr. Patitz 
was born at Mugeln, Saxony, in 1866, and 
entered the employ of the E. P. Allis Com- 
pany in Milwaukee in 1885. In 1901, when 
that company became part of the Allis- 
Chalmers Company, he was placed in charge 
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of the building of steam engines and con 
pressors. Mr. Patitz began his studies 
parallel operation of a-c generators as ear] 
as 1900. He also made studies of critic, 
speeds and of vibration in high-speed m, 
chines, and was an authority on intricat 
mathematical calculations connected wit 
the design of machinery. Mr. Patitz we 
a member of The American Society of Mi 
chanical Engineers, the Society of Autom, 
tive Engineers, and the Verein Deutsche 
Ingenieure. 


Tour of European 
Laboratories Planned 


Industrial leaders to the number of 10 
from all parts of the United States ar 
expected to participate in a tour of Europea: 
scientific laboratories which is being planne 
by the division of engineering and industria 
research of the National Research Council 
An advisory committee to co-operate i 
the planning has been appointed. 

The tour will provide an opportunit 
to observe methods of outstanding researel 
laboratories in Europe representing li 
major fields, under the guidance of sue 
organizations as the Department of Scien 
tific and Industrial Research in England 
Verein Deutscher Ingenieure in Germany 
the Sorbonne in France, and others. Ac 
cording to present plans, the group i 
scheduled to sail on May 14 from New Yor! 
on the S. S. “Champlain.” The tou 
comes as the culmination of 3. highh 
successful educational tours made t 
industrial and university laboratories it 
the United States in 1930, 1931, and 1935 
under the direction of Maurice Hollanc 
(A’23, M’30) director of the division o 
engineering and industrial research of NRC 


Prizes for Papers 
on Arc Welding 


The James F. Lincoln Are Welding Foun 
dation, according to information releasec 
by that newly created organization, wil 
distribute $200,000 among the winners 0 
446 separate prizes for papers dealing witl 
arc welding as a primary process of manu 
facture, fabrication, or construction in J 
major divisions of industry in order t 
stimulate intensive study of the subject 
The principal prize winner will receive no’ 
less than $13,700. Other prizes range fron 
$7,500 to $100, the latter sum to be awardec 
each of 178 contestants who receive n¢ 
other prize but whose papers are adjudget 
worthy of honorable mention. . 

In order to assure equal competitive op 
portunity, similar prizes are offered in th 
11 major divisions of industry covered by} 
the contest. These divisions are: automo 
tive, aircraft, railroad, watercraft, struc 
tural, furniture and fixtures, commercia 
welding, containers, welderies, functiona 
machinery, and industrial machinery. Wid 
diversification of awards is effected by fur 
ther dividing each major industry into vari 
ous subclassifications; with entrants re 
quired to select in advance the particula 
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classification to which their papers will 
ate. 

When accepted by the jury of awards as 
yperly classified, each paper will be in 
npetition, in its particular subclassifica- 
n, for 5 initial prizes established for that 
up. These are worth, respectively, 
)0, $500, $3800, $200, and $100. From 
ong these subclassification winners 4 
ers will be selected in each major indus- 
to receive additional prizes of $3,000, 
000, $1,000, and $800. -Thus these 
semifinalists will be awarded a total of 
L800. In addition, the semifinal win- 
‘s in the various divisions will be consid- 
d as possible recipients of the 4 main 
zes. These range from $10,000 to $3,500, 
h the winner of the grand prize receiving 
- less than $13,700 for his paper. 
Sontestants, it has been announced, must 
ye papers in duplicate on file with the sec- 
ary of the foundation at Cleveland, Ohio, 
- later than June 1, 1938. Prospective 
rants should communicate promptly 
h A>F. Davis, box 5728, Cleveland, for 
nplete details of the rules and conditions 
ering awards. 
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oposed Standards 
for Transformers 


The sectional committee on transformers 
rking under the rules of procedure of the 
lerican Standards Association has prac- 
lily completed its work in drawing up 
1ew set of standards for transformers, 
ulators, and other induction apparatus, 
ording to V. M. Montsinger, chairman 
the AIEE standards committee. These 
| be submitted to the sectional committee 
final approval in the near future. 
“hese new standards, having as their 
is the present AIEE Standards No. 13, 
re incorporated in them not only the 
st practices but a considerable amount 
naterial from standards of the National 
ctrical Manufacturers Association. In 
appendixes have been placed a new 
of guides for the operation of trans- 
ners, a development of the AIEE recom- 
idations on operation giving for the 
; time permissible short-time overloads 
both power and distribution trans- 
ners. Also, an enlarged and revised 
code for transformers will be included 
in appendix. 
t is planned after approval by the com- 
tee and the ASA to publish these as 
erican Tentative Standards for dis- 
ution to all interested societies for 
iments and suggestions for improve- 
it before they are published as final 
erican Standards. It is expected that 
tentative drafts will be published within 
next few months. 


t Code for Synchronous Machines. An 
msive revision of the ‘Preliminary 
ort on a Proposed Test Code for Syn- 
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chronous Machines’’ came up for general 
discussion at one of the informal conferences 
held during the recent winter convention 
of the Institute. Copies are now available 
in pamphlet form and can be obtained gratis 
by writing H. E. Farrer, secretary AIEE 
standards committee, 33 West 39th Street, 
New York, N. Y. The AIEE committee 
on electrical machinery under whose aus- 
pices all of the test codes on rotating ma- 
chinery are being developed hopes, as a 
result of the open discussion of the report 
at the conference and possible criticisms 
which may develop through wide circulation 
of the printed pamphlet, to be able shortly 
to make available a final approved syn- 
chronous code satisfactory to all. 


Test Code for D-C’ Machines. At the 
same informal conference at which the 
synchronous code referred to in the pre- 
ceding paragraph was discussed, there was 
also presented a preliminary draft of a 
proposed ‘‘Test Code for D-C Machines.” 
This has not yet reached the stage where 
it is ready for general distribution in 
printed pamphlet form as several important 
points are still open to argument. As soon 
as these are cleared up, publication will 
take place and copies will then be available 
to all for further criticism and suggestion. 


Test Code for Induction Machines. The 
second step toward the development of a 
finally approved ‘“‘Test Code for Induction 
Machines” was also taken at the winter 
convention conference to which previous 
reference has been made. This code first 
appeared in preliminary report form in 
December 1934. When the revised and 
approved code will become available is 
impossible to predict just at present, but 
it is expected that the electrical machinery 
committee will shortly be in a position to 
ask the approval of the standards com- 
mittee of this induction machinery code. 


Test Code for Sound Level Measurements. 
At the meeting on January 25, 1937, of the 
standards committee a report was received 
from P. L. Alger, chairman of its sub- 
committee on sound, advising that the sub- 
committee is preparing a ‘“‘Test Code for 
Sound Level Measurements on Apparatus.” 
It is intended for use as a guide in the 
measurement of sound levels and the in- 
vestigation of the various elements that 
contribute to the total noise produced. 
The standards committee agreed to issue 
the code in pamphlet form when completed. 


Rotation, Connections, and Terminal Mark- 
ings for Electric Power Apparatus. A new 
American Standard for ‘Rotation, Con- 
nections, and Terminal Markings for 
Electric Power Apparatus’? has just been 
issued in pamphlet form by the National 
Electrical Manufacturers Association, the 
sponsor organization. This project, known 
as C-6, has been going forward in a sec- 
tional committee working under the rules 
of procedure of the American Standards 
Association, the Institute being one of the 
organizations represented on the committee. 
The first edition of the standard received 
approval in 1925 and this revision was 
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approved by American Standards Asso- 
ciation in June 1936. Copies of the 
standard may be obtained at 90 cents each 
by addressing National Electrical Manu- 
facturers Association, 155 East 44th Street, 
New York, N. Y. 


Revised Dry Cell Standards. A revision 
of ‘Specifications for Dry Cells and Bat- 
teries,’’ approved as an American Standard 
in 1930 and issued as “Bureau of Standards 
Circular 390,” has just been approved by 
the American Standards Association. The 
new edition will be issued shortly by the 
sponsor, the Bureau of Standards, under 
the official designation of C 18-1987. 


Proposed Revision of National Electrical 
Safety Code. The National Bureau of 
Standards, the sponsor under ASA pro- 
cedure for the sectional committee on 
national electrical safety code, is taking 
the preliminary steps calling for a re- 
organization of the committee which when 
completed will consider a revision of the 
safety code as approved by ASA in 1927. 


Proposal for International Standardization 
of Photometric Units. The National 
Bureau of Standards will propose in the 
near future the international adoption of 
fundamental photometric units which, if 
adopted, will involve a slight change in 
the units in use in this country. Essen- 
tially the proposal will be as follows: 
That the primary standard of light shall 
be the black body radiator operated at the 
temperature of solidification of pure plati- 
num; that the brightness of the primary 
standard shall be taken as 60 candles per 
square centimeter, thus fixing the magnitude 
of the unit of intensity, the candle, for the 
color of light given by the primary standard; 
that standards for light of colors different 
from that of the primary standard shall 
be established by applying the ‘“‘visibility 
factors’? which have been adopted by the 
Illuminating Engineering Society, the Ameri- 
can Standards Association, the Inter- 
national Commission on Illumination, and 
the International Committee on Heights 
and Measures. The Institute will appoint 
a representative on the subcommittee 
which will consider the full proposal and 
its effect upon American practice. 


Power and Rate Terms. There has just 
been issued by the Federal Power Com- 
mission, Electric Rate Survey, a ‘‘Glossary 
of Important Power and Rate Terms, 
Abbreviations, and Units of Measure- 
ment.’”? This pamphlet, which should be 
of considerable interest to those in the 
power generation field, has as its purpose 
the development of a uniform terminology 
for the reports and correspondence of the 
commission. Quite a number of the 
definitions of electrotechnical terms appear- 
ing in the glossary have been developed in 
co-operation with the interested subcom- 
mittees of the sectional committee on 
electrical definitions, of which the Institute 
is sponsor. Copies of the glossary may be 
obtained from the Superintendent of 
Documents, Washington, D. C., at 5 cents 
each. 
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ens to the Editor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers, artieles published in previous issues, or other 
subjects of some general interest and professional 
importance. ELECTRICAL ENGINEERING will en- 
deavor to publish as many letters as possible, but of 
necessity reserves the right to publish them in 
whole or in part, or reject them entirely. 

ALL letters submitted for consideration should be 
the original typewritten copy, double spaced. Any 
illustrations submitted should be in duplicate, 
one copy, to be an inked drawing but without 
lettering, and other to be lettered. Captions 
should be furnished for all illustrations. 

STATEMENTS in these letters are expressly under- 
stood to be made by the writers; publication here 
in no wise constitutes endorsement or recognition 
by the American Institute of Electrical Engineers. 


Effective Resistance 
of Synchronous Machines 


To the Editor: 


It is well known that the effective re- 
sistance of a synchronous machine is greater 
than the d-c resistance due to eddy current 
and hysteresis losses caused by the arma- 
ture leakage flux, proximity effects due to 
armature current, and additional losses due 
to the distortion of flux under load. An 
approximate value of these losses may be 
obtained from the short-circuit loss and the 
armature J?Rg, loss.1. This method gives 
values which are too low, since under dead 
short circuit, the flux in the machine is 
small. Robertson? gives a complete dis- 
cussion of the subject, and his figures 1 and 
2 show the errors to be expected. In com- 
puting the machine efficiency, it is cus- 
tomary to make an approximate correction 
in which the core loss is taken corresponding 
to the internal voltage.! It is the writer’s 
opinion that more accurate results will be 
obtained using the effective resistance de- 


termined from the V-curve test,” and an 
improved method which includes the in- 
crease in core loss under load will be de- 
scribed in the paragraphs following. 

The effective armature resistance is de- 
fined as the ratio of the power per phase 
consumed in the armature windings to the 


| 
; 
J = armature current ] 
| 
b = sum of constant losses (windage, fric. 
tion, and iron) 
R = effective armature resistance 


With the machine terminal voltage held 
constant, values of total power and arma. 
ture current are obtained by varying the 
field current. The curves of figure 1 of 
this letter show typical results obtaineg 
from a 3-phase 6-pole 15-kva 1,200-rpm 
220-volt 39.4-ampere generator. The power 
was measured by the 2-wattmeter method 
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square of the current. The power (using 
the per unit system throughout) consumed 
with the motor running light and all shaft 
load disconnected, may be expressed: 


P=f[R+5 
where 


P = power consumed with machine running 
light 


2 


° 


ARMATURE POWER PER UNIT (P) 


: : 6 
(e) 0.2 014 
ARMATURE CURRENT PER UNIT (1) 
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390 VOLTS) Fig. 1. Determina- 
250 VOLTS tion of effective 
230VOLTS armature resistance 
, 210 VOLTS 

(i 1.2060 VOLTS Terminal voltages held 
constant at values shown 
on curves 
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Subscripts will be used to refer to 2 widel 
separated points on the same power-curren 
curve. 


Pi, =1?R+6 Pz, = 1°-R + 


Solving for the constant losses . 
b ae (T1?P2 a I2?P)/(1i? = Ip?) 


Transposing the original equation an 
taking the square root gives 


V/P—b=IVR 


Values of VP — b and J were plotte 
to give straight lines passing through tt 
origin; see figure 2. For a given terminé 
voltage, the effective resistance equals tk 
square of the slope of the line. 

The method is simple and effective, < 
the constant losses are evaluated withot 
difficulty. If the value of b is larger tha 
the correct value, the curve will depart fro 
a straight line and be concave downwar 
while if it is smaller than the correct valt 
the converse will be true. The value b cs 
be conveniently corrected by plotting 


widely separated points on the VP — 
versus J curve. A straight line is dray 
connecting the larger value with the origi 
If the second point does not fall on tk 
line, b can be changed slightly to make it « 
so. 

The method assumes that the effecti 
resistance is constant and independent 
current. The correctness of this assum 
tion is verified by an examination of t 


drift of points from the »/p — § versus 
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re. The results for 5 independent tests 
rarious terminal voltages indicate that 
e is no appreciable variation with 
age. The effective resistance was taken 
he average value, R = 0.044. 

he ohmic resistance of the armature 
jing was determined by the d-c volt- 
neter method. The average resistance 
Ra = 0.035. It is apparent that the 
y losses may be expressed as a resistance. 
it is desired to determine the machine 
ormance at temperatures different from 
, the corrected effective resistance is 
id as follows: 


= Ri — Racto and Ry = Ry + Racn 
hich 


= effective resistance at temperature 
to 
= effective resistance at temperature 
h 
, = ohmic resistance at temperature #0 
. = ohmic resistance at temperature 1 
= stray losses expressed as a resist- 
ance. 


| using this method, the core loss should 
taken corresponding to the terminal 
age, since the variation in core loss is 
n into account in the effective resistance. 
; believed that this method of deter- 
ing the effective resistance is more 
rate than the conventional procedure 
etermining the d-c resistance and the 
y load losses from a short circuit test, 
> the additional losses due to flux dis- 
ion, and the increase in core loss under 
, are taken into account. The advan- 
s of the method are that the effective 
tance may be considered constant for 
t practical cases, and may be inserted 
‘tly in the vector diagram, hence sim- 
ing the analysis. 
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A Formula for 2-Winding 
ransformer Regulation 


he Editor: 


hhould like to submit the following as a 
ration for the ASA equation for regu- 


Fig. 1. 


Vector diagram 
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lation of a 2-winding transformer. The 
notation used is the same as that used by 
J. E. Clem, page 466 of the May 1936 issue 
of ELECTRICAL ENGINEERING, in the paper 
“An Exact Formula for Transformer 
Regulation.” 

From figure 1 of this letter, 


E, = (E,cos0 + IR)? + (Ey sind + IX)? 


Dividing each side of the equation by E; 
gives 


E 
ine V(m +1)? + (n+ x) 


where r = IR/E, and x = IX/E; 


Ey 
Zz, ~ 1 | X 100 
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W. H. Harrison 


Nominated for Presidency 


WILiiAM HenrRY Harrison (A’20, M’30, 
F’31, vice-president) assistant vice-presi- 
dent, department of operation and engineer- 
ing, American Telephone and Telegraph 
Company, New York, N. Y., has been nomi- 
nated for the presidency of the AIEE for the 
1937-88 term. Mr. Harrison was born 
June 11, 1892, at Brooklyn, N. Y., and was 
graduated in industrial electrical engineer- 
ing at Pratt Institute in 1915. He entered 
the employ of the New York Telephone 
Company in 1909, where his work until 1915 
included apparatus inspection, assembling, 
and wiring. From 1915 to 1919 he was en- 
gaged in telephone circuit design in the en- 
gineering department of the Western Elec- 
tric Company, and in 1919 he became a 
member of the engineering staff of the 
American Telephone and Telegraph Com- 
pany. In 1924 Mr. Harrison was made 
equipment and building engineer with 
general supervision of the engineering of 
the subscribers station and central office 
plant of the Bell Telephone System, and in 
1929 he became plant engineer, with broad- 
ened responsibilities including general di- 
rection of the engineering, design, and lay- 
out of all departments of the Bell System 
plant, including system relations with other 
wire-using utilities. In 1933 Mr. Harrison 
was elected vice-president in charge of 
operations of The Bell Telephone Company 
of Pennsylvania and The Diamond State 
Telephone Company of Delaware, with 
headquarters in Philadelphia, Pa. He was 
appointed assistant vice-president in the 
department of operation and engineering in 
1937. Mr. Harrison has a long record of 
active service in the Institute; he is at pres- 
ent vice-president representing the AIEE 
Middle Eastern District (number 2) and a 
member of the executive committee (1936-— 
37) and committees on legislation affecting 
the engineering profession, 1932-37; Edi- 
son Medal, 1935-37; and Lamme Medal, 
1935-38. In addition, he is a member of 
the special committee to consider Associate 
dues and related matters and the committee 
on revision of Section territories, and has 
been a member of the following technical 
committees: communication, 1935-36; tech- 
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nical program, 1929-36 (chairman 1931-33) ; 
co-ordination of Institute activities, 1931- 
33; publication, 1931-33; award of Insti- 
tute prizes, 1931-34 (chairman 1931-33); 
and popular science award, 1931-34. Mr. 
Harrison also was a member of the AIEE 
national nominating committee in 1935, and 
was an AIEE representative on the Alfred 
Noble Prize committee of the American So- 
ciety of Civil Engineers (1932-34) and on 
the American committee on marking of ob- 
structions to air navigation during 1932-33. 


Vice-Presidential Nominees are Jollyman, 


McClellan, Mc Henry, Stein, Wood 


JosIAH PICKARD JOLLYMAN (A’05, M’25, 
F’30) chief of the division of hydroelectric 
and transmission engineering, Pacific Gas 
and Electric Company, San Francisco, 
Calif., has been nominated to serve the In- 
stitute as vice-president representing the 
Pacific District (number 8). Mr. Jollyman 
was born at Santa Barbara, Calif., October 
29, 1879, and received the degree of bache- 
lor of arts in electrical engineering at Stan- 
ford University in 1903. From 1903 to 
1909 he was employed by the California 
Gas and Electric Corporation as an electri- 
cian and as superintendent of electrical 
construction. In 1909 he became electrical 
engineer for the Great Western Power Com- 
pany of California, where he remained until 
he joined the engineering staff of the Pa- 
cific Gas and Electric Company in 1911. 
Since 1920 Mr. Jollyman has been chief of 
the division of hydroelectric and transmis- 
sion engineering, in which position he has 
had charge of the electrical and mechanical 
design of 11 hydroelectric plants and the 
electrical design of several transmission 
lines and substations of large capacity. 
Mr. Jollyman has presented before the In- 
stitute several papers on transmission engi- 
neering subjects and has been a member of 
the committees on power stations (now 
power generation), 1923-24; and power 
transmission and distribution, 1915-17, 
1923-29, 1930-87. He has been active in 
the affairs of the San Francisco Section, 
and was chairman of that Section during 
1920-21. 
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LESLIE NeEwMAN MCCLELLAN (A’l14, 
M’26) chief electrical engineer, United 
States Bureau of Reclamation, Denver, 
Colo., has been nominated to serve the In- 
stitute as vice-president representing the 
North Central District (number 6). He 
was born at Middletown, Ohio, March 27, 
1888, and received the degree of bachelor of 
science in electrical engineering in 1911 from 
the University of Southern California. He 
was then employed by the United States 
Reclamation Service at Phoenix, Ariz., on 
the Salt River project as electrical assistant, 
1911-18; junior engineer, 1913-14; as- 
sistant engineer, 1914-15; and engineer in 
responsible charge of construction and op- 
eration of the power system, 1915-17. 
During 1917-18 he served overseas as a 
lieutenant in the United States Army Engi- 
neer Corps, upon his return becoming elec- 
trical engineer in the office of the chief en- 
gineer of the Reclamation Service at Den- 
ver, where he was engaged in the design of 
power plants, substations, and transmission 
lines. Mr. McClellan was employed by 
the Southern California Edison Company 
as engineer in the transmission department 
during 1923-24. Since 1924 he has held his 
present position as chief electrical engineer 
for the Bureau of Reclamation at Denver, 
where he has responsible charge of design, 
construction, and operation of power and 
pumping plants, substations, and trans- 
mission lines on the various reclamation 
projects of the Federal Government. Mr. 
McClellan is the author of papers on the 
Boulder Dam project published by the In- 
stitute, and was a member of the power 
transmission and distribution committee 
1933-36. 


Morris JAMES Mc Henry (A’1l1, M’20) 
district manager of the Canadian General 
Electric Company, Toronto, Ont., Canada, 
has been nominated to serve the Institute as 
vice-president representing the Canada 
District (number 10). Mr. Mc Henry was 
born at Catasauqua, Pa., August 7, 1888, 
and received the degree of bachelor of sci- 
ence in electrical engineering at McGill 
University in 1910. Following his gradua- 
tion, and until 1912, he was employed by 
Smith, Kerry, and Chase, consulting engi- 
neers, Toronto, in power station design and 
field engineering. In 1912 he was employed 
by the Canadian General Electric Company 
as sales engineer in Toronto, and in 1916 be- 
came assistant manager of apparatus sales 
in the Toronto district. In 1918 Mr. 
Mc Henry accepted a position as manager 
and secretary-treasurer of the Walkerville 
Hydro-Electric System, and remained as 
chief executive of that system until 1924. 
In that year he became sales manager of the 
Ferranti Electric Company, Ltd., which 
position he relinquished in 1926 to become 
manager of the United States sales depart- 
ment of the Canadian General Electric 
Company. In 1930 he was appointed dis- 
trict manager for Ontario. Mr. Mc Henry 
has served the Institute as a member of the 
committee on industrial and domestic 
power during 1921-22, and has been active 
in local Institute affairs. In the Toronto 
Section he has served as director (1924) and 
chairman (1935-36), and as chairman of the 
Section committees on membership (1925) 
and papers (1926). Mr. Mc Henry is a 
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past-president of the Association of Munici- 
pal Electric Utilities of Ontario and a mem- 
ber of the Association of Professional En- 
gineers of Ontario, having served as a mem- 
ber of the board of governors of that organi- 
zation during 1924 and 1925. He is presi- 
dent of the Electric Club of Toronto and 
president of the Electric Service League of 
Toronto. 


Irvine MELVILLE STEIN (A’18, M’27) 
director of research for Leeds and Northrup 
Company, Philadelphia, Pa., has been 
nominated to serve the Institute as vice- 
president representing the Middle Eastern 
District (number 2). Mr. Stein was born 
at Long Branch, N. J., March 20, 1894, and 
obtained his technical education from the 
New York Edison evening technical school, 
Columbia University extension course, and 
Fort Wayne Correspondence School. He 
was employed in the meter department of 
the New York (N. Y.) Edison Company in 
1911, and the following year was transferred 
to the standardizing laboratory. During 
1913 he was in charge of the rehabilitation 
work on instruments damaged in the flood 
at Dayton, Ohio, then returned to the test 
department of the Edison company. In 
1916 he was made assistant foreman of the 
standardizing laboratory, and the following 
year was made foreman. During this time 
he was also engaged in work on protective 
relays. During 1918 he was senior inspec- 
tor in the eastern department of the U.S. 
Signal Corps, and also worked as personal 
assistant to Thomas A. Edison in the de- 
velopment of submarine and airplane locat- 
ing devices. He was engaged by the Leeds 
and Northrup Company as sales engineer 
in 1919, and 2 years later was given charge 
of general division sales. In 1924 he was 
made assistant sales manager and in 1927 
was given charge of development, engineer- 
ing, production, publicity, and sales of com- 
bustion control apparatus. He is now di- 
rector of research and a member of the ex- 
ecutive committee of the company. Mr. 
Stein is the author of numerous technical 
articles. He has been a member of the In- 
stitute’s publication committee since 1934 
(chairman 1936-37), of the committee on co- 
ordination of Institute activities since 1933, 
and of the Sections committee since 1929, 
serving as chairman 1933-86. He served 
on the membership committee 1926-27 and 
1931-33, and for 1936-37 has been ap- 
pointed a member of the committees on 
technical program and award of Institute 
prizes. Among other organizations of 
which Mr. Stein is a member may be in- 
cluded the American Physical Society, 
American Chemical Society, American Elec- 
trochemical Society, Illuminating Engi- 
neering Society, Franklin Institute, and 
American Society for Testing Materials. 


Epwin Dow Woop (A’21, M’26) general 
superintendent of the Louisville Gas & 
Electric Company, Louisville, Ky., has been 
nominated to serve the Institute as vice- 
president representing the Southern Dis- 
trict (number 4). Mr. Wood was born at 
Montevideo, Uruguay, April 17, 1878, and 
attended high school at Callao, Peru. In 
1903 he received the degree of bachelor of 
science at De Pauw University, Greencastle, 
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Ind., and entered the employ of the Unioy 
Traction Company of Indiana. During th 
next year he was employed by the Pope 
Waverly Electric Company of Indianapolis 
Ind., and the General Electric Company a; 
Schenectady, N. Y., for short periods befor. 
he joined the Empresa Electrica Santa Ros: 
at Lima, Peru, later the Empresas Electrica: 
Asociadas. He became assistant chief en. 
gineer in charge of power plants for this com: 
pany, and was acting chief engineer when h 
resigned in 1909 to become construction de. 
partment foreman for the General Electric 
Company at Schenectady, N. Y. In the 
following year he was transferred to the en 
gineering department in the Cincinnati 
Ohio, district, whete he was engaged in gen 
eral power house and substation engineerin; 
work. Mr. Wood accepted the position o| 
electrical operating engineer with the Louis. 
ville Gas & Electric Company in 1915, anc 
was electrical engineer from 1926 to 1932 
being appointed general superintendent ir 
the latter year. In 1936 he was made a di. 
rector of the company. Mr. Wood is ¢ 
past-president of the Engineers and Archi 
tects Club of Louisville and a past-chairmar 
of the Louisville Section, and until its dis. 
solution was a member of the electrical 
apparatus committee of the former Na- 
tional Electric Light Association. He is 
co-author of an Institute paper published ir 
1931. 


Bush, Beardsley, Lane 
Nominated for Institute Directorships 


VANNEVAR BusH (A’15, M’19, F’24 
Lamme Medalist ’35) vice-president of 
Massachusetts Institute of Technology anc 
dean of the school of engineering, Cam. 
bridge, Mass., has been nominated to serve 
the AIEE as a member of its board of di- 
rectors. Doctor Bush was born at Everett 
Mass., March 11, 1890. In 1913 he wa: 
graduated from Tufts College, and in 191€ 
was awarded the degree of doctor of engi. 
gineering from Massachusetts Institute o 
Technology and Harvard University. Ir 
1932 he received the honorary degree o} 
doctor of science from Tufts College, and he 
is now a member of the board of trustees 0! 
that college. Following graduation fron 
Tufts College he entered the testing depart 
ment of the General Electric Company, anc 
the next year was an instructor in mathe 
matics at Tufts College. In 1915 he en 
gaged in graduate study at M.I.T., and the 
following year returned to Tufts as assistan’ 
professor of electrical engineering. Durins 
1917-18 Doctor Bush carried on researcl 
work in submarine detection for the Unitec 
States Navy; then until 1923 was associat 
professor of electric power transmission a 
M.I.T. From 1917 to 1922 he was also con 
sulting engineer for the American Radio an¢ 
Research Corporation. In 1923 he wa 
appointed professor of electric power trans 
mission, holding this title until appointed t 
his present position in 1932. Doctor Bus! 
long has been interested in the design o 
analyzing instruments and is internation 
ally known for his achievements in this field 
For one development he was awarded th 
Levy Medal of the Franklin Institute i 
1928, and he received the AIEE Lamm 
Medal for 1935. Doctor Bush is a directo 
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f the Spencer Thermostat Company and of 
taytheon, Inc., and is a member of the 
orporation of Massachusetts Institute of 
fechnology. He is the author of many 
echnical articles and of ‘Operational Cir- 
uit Analysis,’ and, jointly with W. H. 
fimbie (A’10, F’24), of ‘Principles of Elec- 
rical Engineering.’”’ The Institute com- 
nittees on which he has served include re- 
earch (1924-30); electrophysics (1924-33, 
hairman 1931-33); power transmission 
nd distribution (1925-27, 1928-29); edu- 
ation (1928-29); and technical program 
1929-33). He is now a member of the 
Ydison Medal and Lamme Medal commit- 
ees, and representative on the division of 
ngineering and industrial research of Na- 
ional Research Council. Doctor Bush is a 
ellow of the American Academy of Arts and 
Xciences and American Physical Society, 
nd a member of the Society for the Pro- 
notion of Engineering Education, National 
\cademy of Sciences, Phi Beta Kappa, 
\lpha Tau_Omega, Sigma Xi, and Tau 
Seta Pi. 


CLIFFORD Ray BEARDSLEY (A’08, M’20, 
30) superintendent of distribution, Brook- 
yn Edison Company, Brooklyn, N. Y., 
las been nominated to serve the Institute as 
| member of its board of directors. He was 
orn at Bridgeport, Conn., December 19, 
885, and attended the Sheffield Scientific 
chool of Yale University, from which he 
eceived the degree of bachelor of philosophy 
n electrical engineering in 1905. He then 
ntered the testing department of the Gen- 
ral Electric Company at Schenectady, 
J. Y., and subsequently was assigned to the 
ffices at New York, N. Y., and New Haven, 
Sonn. In 1911 he became sales agent for 
he United Illuminating Company at Bridge- 
yort, where he had charge of sales, construc- 
ion, and installation of factory electrifica- 
ions. Seven years later he accepted the 
yosition of electrical engineer with Fred T. 
ey & Company, Springfield, Mass., in 
vhich position he had charge of design and 
nstallation of power station and industrial 
lectrical work, being concerned mostly 
vith hydroelectric and steam plants and 
ransmission lines. Mr. Beardsley ac- 
epted in 1923 the position with the Brook- 
yn Edison Company of electrical construc- 
ion engineer in charge of inside-plant elec- 
rical construction in power stations, sub- 
tations, and consumer vaults. In 1932 he 
yas appointed assistant to the superintend- 
nt of distribution, and recently. was ad- 
anced to the position of superintendent of 
istribution. During 1928-30 Mr. Beards- 
“y was chairman of the accident prevention 
ommittee of the former National Electric 
ight Association, and he has served as 
hairman of the committees for the 1936 
nd 1937 winter conventions of the Insti- 
ute. He has written numerous articles on 
ne relation of engineering to safety. 


Francis Howarp LANE (M’23) manager 
f the engineering division of the Public 
tility Engineering and Service Corpora- 
on, Chicago, Ill., has been nominated to 
ve the Institute as a member of its board 
‘directors. He was born at St. Louis, Mo., 
ine 7, 1882, and studied electrical engineer- 
ig at Lewis Institute, Chicago, Ill., from 
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. which he received the degree of mechanical 


engineer in 1904. He then entered the em- 
ploy of H. M. Byllesby and Company as 
draftsman, and subsequently was engaged in 
preliminary investigations of projects, and 
construction. From 1910 to 1915 he was 
engaged in general investigations and ap- 
praisals of public-utility properties, and 
during 1915-17 was manager of the depart- 
ment of examinations and reports. Mr. 
Lane was made manager of engineering 
and construction of Byllesby Engineering 
and Management Corporation in 1917, and 
held this position continuously until the 
formation of the successor company, Public 
Utility Engineering and Management Cor- 
poration, in 19386, with which he assumed a 
similar position. He is a member of The 
American Society of Mechanical Engineers 
and the Western Society of Engineers. 


W. I. Slichter 


Renominated as Institute Treasurer 


WALTER IRVINE SLICHTER (A’00, M’03, 
F’12, national treasurer, member for life) 
professor and head of the department of 
electrical engineering at Columbia Univer- 
sity, New York, N. Y., has been nominated 
to succeed himself as treasurer of the Insti- 
tute. Professor Slichter was born at St. 
Paul, Minnesota, May 7, 1873, and was 
graduated at Columbia University in 1896 
with the degree of electrical engineer. He 
entered the employ of the General Electric 
Company as a student in July 1896, and the 
following year was transferred to the office of 
Doctor C. P. Steinmetz, where he was en- 
gaged for a year in carrying on experimental 
work, tests, and calculations on various sub- 
jects. During the following 2 years, he was 
engaged in designing induction motors, al- 
ternators, rotary converters, transformers, 
and special experimental apparatus. For 
a number of years thereafter he devoted 
most of his time to the design of electrical 
machinery and, more particularly, the 
equipment of electric railways. In 1910 
he was appointed professor of electrical en- 
gineering and head of that department at 
Columbia University, which position he 
still fills. During the war he was civilian 
director of the Air Service school for radio 
officers at Columbia University. Since 
1914, Professor Slichter has devoted con- 
siderable time to instruction in electrical 
engineering to naval officers of the post- 
graduate school of the United States Navy, 
National treasurer since 1930, he was a 
member of the board of directors of the In- 
stitute from 1918 to 1922 and vice-president 
from 1922 and 1924, and served on the fol- 
lowing committees: board’s committee on 
technical activities, 1918-20; board of ex- 
aminers, 1915-18 and 1924-28; co-ordina- 
tion of Institute activities, 1920-24 and 
1925-27; editing (later publication) 1914— 
21; education, 1916-20; executive, 1919- 
24; meetings and papers (now technical 
program) 1917-24; industrial and domestic 
power (now general power applications) 
1922-23; finance, 1923-24; standards, 
1923-26; legislation affecting the engineer- 
ing profession, 1931-36 (chairman 1933- 
35); Iwadare foundation, 1931-33; and 
special committee on model registration 
law, 1933-34. He was also Institute repre- 
sentative on the United States National 
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Committee of the International Electro- 
technical Commission, 1928-32. Profes- 
sor Slichter is now serving as chairman of the 
committee on Columbia University scholar- 
ships, of which he has been a member since 
1922 and chairman since 1925, and as a 
member of the committees on constitution 
and by-laws (1925-28 and 1930 to the pres- 
ent; chairman 1925-27), Edison Medal 
(1918-22 and 1930 to the present), and 
electrical machinery (1934 to the present). 
In addition, he has been a representative on 
the library board of United Engineering 
Trustees, Inc., since 1915, Engineering 
Foundation board since 1930, engineering 
societies monographs committee since 1930, 
and advisory board of the National Bureau 
of Engineering Registration since 1933. 
Professor Slichter is the author of many 
articles on technical subjects, and has pre- 
sented several papers and discussions before 
the Institute. He is a member of The 
American Society of Mechanical Engineers, 
Society for the Promotion of Engineering 
Education, and other organizations. 


Frank Conrad 


to Receive Lamme Medal 


FRANK ConrRAD (A’02, Edison Medalist 
’30) assistant chief engineer of the Westing- 
house Electric & Manufacturing Company, 
East Pittsburgh, Pa., has been awarded 
the Lamme Medal of the AIEE for 1936 
*“ for his pioneering and basic developments 
in the fields of electric metering and pro- 
tective systems.’ Doctor Conrad was 


FRANK CONRAD 


born at Pittsburgh, Pa., May 4, 1874, and 
joined the Westinghouse organization in 
1890. In a short time he was transferred 
to the experimental and testing department, 
and in 1897 designed the so-called round 
type of watt-hour meter, which was smaller 
and more efficient than the previous square 
types. He then started the systematic re- 
design of all meters and instruments, which 
led to improvements in efficiency and the 
development of new types, among which 
were the relay-operated recording meter, 
power factor meter, electrostatic voltmeter, 
and ground detector. In 1904 Doctor 
Conrad was appointed general engineer, 
and for many years served as assistant to 
the vice-president in charge of engineering. 
He was appointed assistant chief engineer 
in 1921. About 1910 Doctor Conrad 
started the development of a complete elec- 
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trical system for automobiles, including in 
his designs voltage-regulated generators 
such as have come into universal use in the 
automobile industry in 1987. In 1912 he 
began investigations into radio telegraphy 
and telephony, designing and building radio 
transmitting and receiving equipment. 
Problems of power distribution for a-c rail- 
way systems also engaged his attention at 
this time. During the World War he aided 
in the production of telephone and tele- 
graph equipment for the United States 
Army and Navy, and also designed grenades 
and grenade-throwing devices. Following 
the war he sent programs over the air from 
radio transmitters, and the equipment used 
by KDKA when that station began broad- 
casting in 1920 was designed by him. His 
investigations led to improved apparatus, 
and to a study of the short-wave field in 
which he sensed new possibilities. Other 
work in which he has been engaged includes 
units for household refrigerating purposes 
and electric clocks. Doctor Conrad is 
well-informed in biology, astronomy, and 
botany. In 1928 he was given the honorary 
degree of doctor of science by the University 
of Pittsburgh. Other awards he has re- 
ceived are the Morris Liebmann prize of 
the Institute of Radio Engineers in 1925, 
the Edison Medal of the AIEE in 1930, and 
the John Scott Medal of the City of Phila- 
delphia in 1938. He is a fellow of the In- 
stitute of Radio Engineers and a member of 
the Society of Automotive Engineers and 
the American Association for the Advance- 
ment of Science, and holds the rank of lieu- 
tenant commander in the United States 
Naval Reserve. 


H. H. Beverace (A’23, M’34) chief re- 
search engineer, R.C.A. Communications, 
Inc., New York, N. Y., recently was elected 
president of the Institute of Radio Engineers 
for the year 1937. Mr. Beverage was born 
October 14, 1893, at North Haven, Me., 
and was graduated from the University of 
Maine in 1915 with the degree of bachelor 


H. H. BEVERAGE 


of science in electrical engineering. | Upon 
graduation he was engaged by the General 
Electric Company, Schenectady, N. Y., as 
a test engineer, but in 1916 was transferred 
to the radio laboratories of that company 
as assistant to Doctor E. F. W. Alexander- 
son (A’04, F’20). In 1920 Mr. Beverage 
accepted a position with the Radio Corpora- 
tion of America, where he was placed in 


396 


charge of radio research on communication 
equipment, and continued there until 1929, 
when he was transferred to R.C.A. Com- 
munications, Inc., as chief communications 
engineer. He has been chief research engi- 
neer since 1932. Mr. Beverage has dis- 
tinguished himself in his research on aperi- 
odie directive receiving antenna systems 
and receiving systems for reducing the ef- 
fects of fading at high frequencies. He is 
the holder of several patents on communi- 
cation devices and systems, and in 1923 was 
awarded the Morris Liebmann Memorial 
Prize of the Institute of Radio Engineers 
for his research work on directive antenna 
systems. Heis author or co-author of many 
papers on communication subjects, includ- 
ing 2 papers presented before the Institute, 
and is at present a member of the Institute’s 
committee on communication. Mr. Bev- 
erage is a fellow of the Radio Club of 
America, 


J. H. Payne (A’12, M’32) formerly with 
the Westinghouse International Company, 
recently was appointed chief of the electri- 
cal division of the Bureau of Foreign and 
Domestic Commerce, United States De- 
partment of Commerce, Washington, D. C. 
Mr. Payne was born June 24, 1883, at Titus- 
ville, Pa., and was graduated from Armour 
Institute of Technology with the degree of 
bachelor of science in electrical engineering 
in 1905. Immediately following his gradua- 
tion, he entered the employ of the Westing- 
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house Electric & Manufacturing Company, 
East Pittsburgh, Pa., being engaged first in 
engineering and construction work and later 
in the sales department at New York, N. Y. 
From 1915 to 1919 Mr. Payne had charge of 
a division making sales to mining companies. 
In 1920 he was transferred to the Westing- 
house International Company and placed in 
charge of the selection and appointment of 
all of that company’s distributors; later, he 
was made manager of the company’s de- 
partment of Europe, in which capacity he 
was in charge of the company’s business in 
Europe and the dependencies of European 
countries. In 1929 he was appointed man- 
ager of the power department, in charge of 
the company’s sales of central station and 
distribution equipment in all countries ex- 
cept the United States and Canada. Mr. 
Payne’s duties with the Westinghouse In- 
ternational Company required extensive 
traveling in the United States and in 31 for- 
eign countries. 
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W. H. Lawrence (A’99, M’12, member 
for life) chief operating engineer, The New 
York, (N. Y.) Edison Company, Inc., has 
retired. Mr. Lawrence was born February 
28, 1870, at Middletown, Ohio. He entered 
the electrical industry in 1886, being em- 
ployed as an apprentice for the General Elec. 
tric Company, Schenectady, N. Y. After 
one year with that company, he became > 
associated with the Edison Manufacturing — 
Company at New York and soon thereafter 


filled the position of assistant superintendent — 
of construction in the western offices of that — 


company at Cincinnati, Ohio. He con- 


tinued to serve in that capacity after the - 


consolidation of the Edison and Thomson- 
Houston companies with the Central Thom- 
son-Houston Company, but in 1889 was 
transferred to the Edison Electric Illumi- 
nating Company of New York. That com- 
pany has since become The New York Edi- 
son Company, Inc., and Mr. Lawrence had 
completed 47 years of continuous service 
with the company at the time of his retire- 
ment. He is the author of several articles 
on station operation, including one paper 
presented before the Institute. He served 
the Institute as a member of the committee 
on power generation during the period 1920- 
29. Mr. Lawrence is a member of The 
American Society of Mechanical Engineers, 


L. E. Emericu (A’24) who has been dis- 
trict manager of technical division sales in 
the Chicago, IIl., offices of the Leeds & 
Northrup Company, has been transferred to 
the Philadelphia, Pa., offices of that com- 
pany as assistant sales manager in the tech- 
nical sales division. Mr. Emerich was born 
at Schuylkill Haven, Pa., in 1898, and re- 
ceived the degree of bachelor of science at 
Carnegie Institute. After serving briefly 
with the Westinghouse Electric & Manu- 
facturing Company, East Pittsburgh, Pa., 
and the Public Service Electric and Gas 
Company, Newark, N. J., he entered the 
sales department of the Leeds & Northrup 
Company at Philadelphia in 1923 and since 
then has been associated with that company 
continuously. 


D. G. Evans (A’20) assistant general 
manager of the Wisconsin Gas and Electric 
Company, Racine, has been appointed gen- 
eral manager. Mr. Evans was born at 
Larned, Kans., in 1887, and received the de- 
gree of bachelor of science in electrical engi- 
neering at the University of Illinois in 1917. 
Following a brief service as transformer test 
engineer for the Wagner Electrical Manu- 
facturing Company, he entered the employ 
of the Wisconsin Gas and Electric Company 
as an engineer in 1919. His service with 
that company has been without interrup- 
tion. 


J. R. Reap (A’04) who has been district 
manager for the Canadian Westinghouse 
Company, Ltd., at Vancouver, B. C., Can., 
has been appointed vice-president of the 
company with headquarters at Hamilton, 
Ont. Mr. Read was born October 24, 1879, 
in Virginia. His early electrical experience 
was gained with the Westinghouse Electric 
& Manufacturing Company at East Pitts- 
burgh, Pa. In 1901 he was engaged as con- 
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Iting electrician for various gold-dredging 
mpanies in California, and later he became 
sctrical engineer for the Northern Cali- 
ria Power Company at Redding. His 
unadian experience began in 1904 with his 
gagement as district-office sales engineer 
r the Vancouver district office of the Cana- 
an Westinghouse Company. In 1908 he 
4s appointed district manager, and since 
at time has been associated with many 
portant projects. 


G. G. Post (A’11, F’33, past vice-presi- 
nt) vice-president in charge of power, 
ilwaukee Electric Railway & Light Com- 
ny, Milwaukee, Wis., has been appointed 
representative of the Institute upon the 
ommission of Washington Award to fill an 
lexpired term ending August 1, 1938. 
1. Post, who was a vice-president of the 
stitute 1934-36, has been a member of 
e Institute’s committee on power genera- 
on since 1932, and has served on the com- 
ittees on power transmission and distribu- 
on (1922-26), protective devices (1934- 
}), and Edison Medal (1935-36). He has 
so been active on technical committees of 
ie Association of Edison Illuminating Com- 
nies and the Edison Electric Institute. 


B. L. Goopet (A’25, M’80) research en- 
neer for the Metropolitan-Vickers Elec- 
ical Company, Ltd., Manchester, Eng- 
nd, recently accepted an appointment as 
ofessor in the department of electrical 
igineering at the University of Capetown, 
yuth Africa. Professor Goodlet, a gradu- 
e of the Imperial School (Petrograd, 
ussia) and the University of Sheffield 
thgland), has been associated with the 
‘etropolitan-Vickers company since 1922. 


J. F. Lincoin (A’08, M’20) president of 
ie Lincoln Electric Company, Cleveland, 
hio, was honored recently by the board of 
rectors of the company when a newly 
eated fund and foundation for welding 
search was named ‘‘The James F. Lincoln 
rc Welding Foundation” in recognition 
his pioneer work in promoting arc welding 
id perfecting and developing arc-welding 
luipment and electrodes, Mr. Lincoln has 
rved on several Institute committees, 
id was a manager 1920-24. 


Natuan Coun (A’29) for several years 
strict manager of technical division sales 
r the Pacific coast, Leeds & Northrup 
ompany, San Francisco, Calif., has been 
ansferred to the Chicago, IIl., offices of 
at company in a similar capacity. Mr. 
ohn is a native (1907) of Hartford, Conn., 
id an electrochemical engineering graduate 
Massachusetts Institute of Technology. 
e has been associated with the Leeds & 
orthrup Company in its sales departments 
ace his graduation. 


C. V. ARMSTRONG (A’36) sales engineer 
r Ingersoll-Rand Company, New York, 
. Y., has been transferred to the Chicago, 
., offices of that company. 


H. C. Brown (A’20) formerly employed 
the U.S. Engineers office, Huntington, 
. Va., now is with the engineering division, 
orld’s Fair, Inc., New York, N. Y. 
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A. R. WELLWoop (M’22, F’36) former 
director of the regional office of the Federal 
Power Commission, Atlanta, Ga., has been 
appointed supervising engineer and 
placed in charge of all Public Works Ad- 
ministration power projects in Nebraska. 
Mr. Wellwood has been identified with the 
Federal Power Commission since 1934, and 
formerly was director of the Commission’s 
electric rate survey, with headquarters at 
Washington, D. C. 


E. E. Dregse (M’25) chairman of the 
electrical engineering department, Ohio 
State University, Columbus, has been ap- 
pointed a trustee of ‘‘The James F. Lincoln 
Are Welding Foundation,” created recently 
to aid welding research. Principal direction 
of the foundation’s work will be given by 
him. He has been a member of the Insti- 
tute’s committees on education and electro- 
physics since 1935, and is a member of the 
committee on student Branches. 


L. M. La Fever (A’26) formerly an elec- 
trical tester for the Westinghouse Electric 
& Manufacturing Company, East Pitts- 
burgh, Pa., has been transferred to the New 
York, N. Y., offices of that company as a 
field service engineer. 


S. B. Gaytorp (A’36) who has been em- 
ployed by the Western Public Service Com- 
pany, Broken Bow, Nebr., recently ac- 
cepted a position in the test engineering de- 
partment of the General Electric Company, 
Schenectady, N. Y. 


P. B. Wau outst (M’29) formerly mana- 
ger of the concessions department, Tele- 
fonaktiebolaget, L. M. Ericksson, Stock- 
holm, Sweden, has accepted an appoint- 
ment as general manager, Empresa de Tele- 
fonos Ericsson, Mexico City, Mexico. 


I. T. Monseta (A’26) engineering repre- 
sentative, Westinghouse Electric & Manu- 
facturing Company, Kansas City, Mo., has 
been transferred to the St. Louis, Mo., 
offices of that company. 


H. A. Sraniey (A’07, M’19) plant engi- 
neer of the Berkshire Fine Spinning Asso- 
ciates, Inc., Fall River, Mass., has been 
transferred to the Providence, R. I., offices 
of that company. 


Obituary 


EDWARD BARNARD MEYER (A’05, M’13, 
F’27, past vice-president, past-president) 
chief engineer of the Public Service Electric 
and Gas Company, Newark, N. J., died 
January 31, 1937. Doctor Meyer was born 
October 22, 1882, at Newark. He received 
his technical education at the Newark Tech- 
nical School, from which he was graduated 
in 1901; and at Pratt Institute, Brooklyn, 
N. Y., where he was graduated in the electri- 
cal engineering course in 1903; in 1936 he 
received the honorary degree of doctor of 
engineering from the Newark College of 
Engineering. Following his graduation 
from Pratt Institute in 1903, Doctor Meyer 
entered the employ of the Public Service 
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Corporation of New Jersey as an engineering 
assistant, and remained with that organiza- 
tion and its subsidiary companies continu- 
ously until 1922. During that period he be- 
came, in 1906, field engineer in charge of 
underground conduit and cable system; in 
1909, assistant engineer on special engineer- 
ing reports, estimates, and construction 
work; in 1912, assistant to the chief engi- 
neer; and in 1919 assistant chief engineer. 
When the Public Service Production Com- 
pany was formed in 1922, he was made its 
chief engineer. In 1929 Doctor Meyer was 
made a vice-president of the Public Service 
Production Company, and in 1930, on the 
occasion of the merger of that company with 
United Engineers and Constructors, Inc., 
he was appointed a vice-president of the 
latter corporation in the capacity of execu- 
tive and engineering head of the Newark 
office. He was appointed chief engineer of 
the Public Service Electric and Gas Com- 
pany in 1985. Doctor Meyer was liberal in 
contributing his energy and ability to the 
causes of the Institute; he was a director 
from 1928 to 1931, a vice-president during 
1932-34, and president for the term 1935- 
36. In addition, he served on the following 
committees: executive, 1928-30, 1932-34, 
and 1935-37 (chairman 1935-36); consti- 
tution and by-laws, 1929-35 (chairman 1934 
-35); co-ordination of Institute activities, 
1925-85 (chairman 1934-35); Edison 
Medal, 1927—29 and 1930-36; finance, 1927-— 
31 and 1932-34 (chairman 1928-30, 1933- 
84); headquarters, 1928-30 and 1933-34; 
Lamme Medal, 1928-30; membership; 
1924-25; award of Institute prizes, 1925- 
28 and 1931-34 (chairman 1925-27); pub- 
lication, 1923-35 (chairman 1927-28, 1931- 
84); Sections, 1926-27; technical program 
1918-29, 1932-34 (chairman 1925-27); 
transfers, 1932-35 (chairman 1932-33); 
power generation, 1928-32; code of prin- 
ciples of professional conduct, 1936-37; 
and power transmission and distribution, 
1918-24 (chairman 1918-23). Doctor 
Meyer served also on the special committees 
on Institute policies, 1981-38; Associate 
dues and related matters, 1932-37; on re- 
vision of Section territories (1935-37); and 
biographies and talking motion pictures, 
1930-38. He served as an Institute repre- 
sentative on the U.S. National Committee 
of the International Electrotechnical Com- 
mission, 1927 to 1930; the American En- 
gineering Council, 1985-36; the Charles A. 
Coffin fellowship and research fund commit- 
tee, 1985-36; and on the Engineering So- 
cieties monographs committee, 1930-35. 
He was a member of the John Fritz Medal 
board of award for the term 1985-39. Doc- 
tor Meyer’s other technical activities in- 
cluded participation in the affairs of the 
American Standards Association, the former 
National Electric Light Association, The 
American Society of Mechanical Engineers. 
His numerous contributions to the technical 
press include a book, ‘‘Underground Trans- 
mission and Distribution.” 


CRANDALL ZACHARIAH ROSENCRANS 
(M’ 36) assistant director of research, Leeds 
& Northrup Company, Philadelphia, Pa., 
died January 7, 1987. Mr. Rosencrans was 
born January 4, 1897, at Chicago, Ill. He 
received the degrees of bachelor of science 
in mechanical engineering (1919), master 
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of science in mechanical engineering (1921), 
and mechanical engineer (1929) at the Uni- 
versity of Illinois, and at the time of his 
death had nearly completed the require- 
ments for the degree of doctor of philosophy. 
Following his graduation in 1921, he was 
appointed to the staff of the University of 
Illinois Engineering Experiment Station, 
where he became engaged in independent 
research on the thermodynamics of gas and 
oil engines, the mechanism of explosions, 
and gas-engine testing. In 1926 Mr. Rosen- 
crans accepted a position as research engi- 
neer with the Leeds & Northrup Company, 
and during the following 2 years was respon- 
sible for research and development work on 
electrical methods of gas analysis. From 
1928 to 1934 he served as chief of the me- 
chanical division and acting chief of the 
metallurgical division, and for one year 
(1928-29) as chief of the chemical division of 
that company’s research department. He 
was appointed assistant director of research 
in 1934. Mr. Rosencrans was the holder of 
several patents on electrical and mechani- 
cal measuring devices, and was the author 
of many scientific papers and articles. He 
was a member of The American Society of 
Mechanical Engineers, American Chemical 
Society, Franklin Institute, Institute of 
Metals (British), American Society of 
Refrigerating Engineers, American Asso- 
ciation for the Advancement of Science, 
Verein Deutscher Ingenieure (German), 
Sigma Xi, and Tau Beta Pi. 


Witiram Davin Guerky (A’95, M’96, 
F’13, member for life) president of the Rail- 
way Track-Work Company, Philadelphia, 
Pa., died January 17, 19387. Mr. Gherky 
was born January 7, 1868, at Portsmouth, 
Ohio. In 1886 and 1887 he was employed 
as a telegraph operator in railway and com- 
mercial service, and in 1888 was engaged by 
the Edison Electric Company and placed in 
charge of a 2,400-lamp plant and its asso- 
ciated underground system. At the end of 
that year he was transferred to the engi- 
neering department of the Edison United 
Manufacturing Company. He remained 
only briefly with the Edison companies, 
however, and after serving with the Field 
Engineering Company, New York, N. Y., 
accepted a position as engineer in charge of 
the underground system of the Philadelphia 
(Pa.) Traction Company in 1893. Later 
Mr. Gherky organized the Railway Track- 
Work Company and in 1917 formed the 
General Grinding Wheel Corporation, of 
which he was chairman of the board. He 
was a member of the American Association 
for the Advancement of Science. 


JouN WILBERT PURCELL (A’13) assistant 
engineer, Hydro-Electric Power Commis- 
sion of Ontario, Toronto, died December 12, 
1936. Mr. Purcell was born February 29, 
1872, at Listowel, Ont., Canada. In 1890 
he entered the electrical industry and 
worked in various manufacturing plants 
until 1893, when he became superintendent 
and chief inspector of the Detroit Electric 
Light and Power Company. He remained 
in that position until the company was sold 
in 1896. At that. time he entered the em- 
ploy of Hiram Walker and Sons, Walker- 
ville, Ont., as superintendent of the light 
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and power department. Mr. Purcell joined 
the staff of the Hydro-Electric Commission 
in 1912 as assistant engineer in the munici- 
pal engineering department, where his 
duties consisted of developing loads in urban 
municipalities and rural districts, and in the 
search for applications of electricity to agri- 
cultural uses. He was a member of the 
Association of Professional Engineers of 
Ontario, and formerly was an active mem- 
ber of the Canadian Electrical Association. 


FREMONT WILSON (A’88, M’88, F’12, 
member for life) retired consulting engineer, 
Albany, N. Y., died October 27, 19386, ac- 
cording to word just received at Institute 
headquarters. Mr. Wilson was born July 
15, 1861, at New York, N. Y., and attended 
the College of the City of New York. In 
1882 he was employed by the Western Un- 
ion Telegraph Company, but in the follow- 
ing year became associated with the Kuth 
Electric Company. From 1884 to 1887 he 
was engaged by the Edison Electric Com- 
pany, New York, in the development of 
electric illuminating equipment, and from 
1887 until 1892 he was with the Sprague 
Electric Company. Mr. Wilson estab- 
lished his own consulting engineering offices 
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; | 

: 

: 
in New York in 1892, continuing as con- 
sultant to many electrical manufacturers 
until his retirement in 1934. He was par- 
ticularly interested in the safety features of 
electrical devices, and was for many years 
consulting electrical engineer to the New 
York City Bureau of Fire Underwriters, 


JoHun CLEMENT Do.pH (A’03, member 
for life) president and founder of the John 
C. Dolph Company, Newark, N. J., died 
February 5, 1937. Mr. Dolph was born 
September 28, 1864, at North East, Pa, 
He entered the electrical industry by ac- 
cepting employment as an apprentice elec- 
trician with the Short Electric Railway 
Company, Cleveland, Ohio; later, he estab- 
lished his own business as a sales representa- 
tive in electrical and street railway supplies, 
in New York, N.Y. In 1898 Mr. Dolph be- 
came manager of the insulating varnish de- 
partment of the Sterling Varnish Company. 
Pittsburgh, Pa., and in 1901 accepted a 
similar position with the Standard Varnish 
Company, New York. In 1910 he moved 
to Newark and established his own insulat- 
ing varnish company under the name of the 
John C. Dolph Company. He was con- 
sidered an authority on insulating varnish. 


Recommended 
for Transfer 


The board of examiners, at its meeting on Febru- 
ary 17, 1937, recommended the following members 
for transfer to the grade of membership indicated. 
Any objection to these transfers should be filed at 
once with the national secretary. 


To Grade of Fellow 


Curry, Walter A., assistant professor of electrical 
engineering, Columbia University, New York, 
N 


Mapes, Leland R., chief engineer, Illinois Bell 
Telephone Company, Chicago, III. 


2 to Grade of Fellow 


To Grade of Member 


Judson, W. G., electrical engineer, Ward Leonard 
Electric Company, Mount Vernon, N. Y. 
Rathbun, H. V., transmission engineer, Kansas 

City Power and Light Company, Kansas City, 
Mo. 
Reznicek, Josef, professor of electrical engineering, 
Technical University, Prague, Czechoslovakia. 
Starr, F. M., central station engineering depart- 
ment, General Electric Company, Schenectady, 


Summerfield, S. C., assistant engineer, New Jersey 
Bell Telephone Company, Newark. 

Trost, F. J., assistant division distribution engineer, 
Public Service Electric and Gas Company, 
Jersey City, N. J. 

6 to Grade of Member 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to mem- 
bership in the Institute. If the applicant has ap- 
plied for direct admission to a grade higher than 
Associate, the grade follows immediately after the 
name. Any member objecting to the election of 
any of these candidates should so inform the na- 
tional secretary before March 31, 1937 or May 31, 
1937, if the applicant resides outside of the 
United States or Canada. 


Abbott, L. J., Texas Power and Light Co., Decatur, 
Texas. 


News 


Aicher, L. C., Jr., Allis-Chalmers Manufacturing 
Company, Milwaukee, Wis. 

eae B. F., 335 Linwood Street, Brooklyn, 

Anderson, R. E., Lonoke, Ark. 

Angelopoulos, N. C., Engineers, 
Army, Fort DuPont, Del. 

Askren, LeR., Frigidaire Corporation, 
Ohio. 

Bailey, C. W., Schlumberger Well Surveying Cor- 
_ poration, Tyler, Texas. 

Barken, J., Powell and Power Engineers, Dallas, 
Texas. 

Barbaro, A., 17 Batavia Place, Harrison, N. Y. 

Barnard, R. B. (Member), U.S. Engineer’s, 523 
Pittock Building, Portland, Ore. 

Barnes, D. P., Southern Utah Power Company, 
Cedar City, Utah. 

Barr, de M., Jr., 1515 Blanding Street, Columbia, 
Ss. 


United States 


Dayton, 


neat as: H., Anaconda Wire ond Cable Com- 
pany, Hastings-on- Hudson, N. Y 

Beahm, E. M., Albuquerque Gas and Electric Com- 
pany, Albuquerque, New Mexico. 

Beamer, S., Fireman’s Fund Idemnity Company, 
San Francisco, Calif. 

Beasley, R. R., Denver and Rio Grande Western 
Railroad Company, Murray, Utah. 

Belding, M. D., Westinghouse Electric & Manu- 
facturing Company, Knoxville, Tenn. 

Bellows, G., Jr., General Electric Company, Sche- 
nectady, N. Y. 

Betzer, R. W., Westinghouse Electric & Manufac- 
turing Company, East Pittsburgh, Pa. 

Beveridge, A. B., General Electric Company, Sche- 
nectady, N. Y. 

Bixler, C. H., Allis-Chalmers Manufacturing Com- 
pany, Pittsburgh, Pa. 

Black, K. H., United States Army, Fort Lawton, 
Seattle, Wash, 

Blake, W. J., American Rolling Mills, Middletown, 
Ohio. 

Blair, F. M., Y.M.C.A., Evansville, Ind. 

Bobo, R. A., Phillips Petroleum Company, Okla- 
homa City, Okla. 

Bodholt, I. F., Western Electric Company, Kearny, 


N. J. 

Bodine, R. B., General Electric Company, Schenec- 
tady, N. Y 

Bowman, H. J., Consumers Power Company, Kala- 
mazoo, Mich. 

Brands, W. H., Buffalo General Electric Company, 
Buffalo, N. Y. 

Brannin, R. S., Jr., 
Abilene, Texas. 

Bridges, J. M., New York Telephone Company, 
Brooklyn, N. Y. 


West Texas Utilities Company, 
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ll, E. C., Emerson Electric Manufacturing Com- 
pany, St. Louis, Mo. 

nkerhoff, J. K., Allis-Chalmers Manufacturing 
Company, West Allis, Wis. 

ck, H. A., Oklahoma Gas and Electric Company, 
Muskogee, Okla. 

indage, T. W., General Electric Company, 
Pittsfield, Mass. 

imfiel, R. W., Tennessee Power Company, Chat- 
tanooga, Tenn. 

ran, H. V., Jr., Bethlehem Steel Company, 
Sparrows Point, Md. 

shanan, C. H., 431 Avenue D, Forest Hills, Wil- 
kinsburg, Pa. 

=k, L. L., New Jersey Bell Telephone Company, 
Newark, Nid. 

lington, Ww. I., Westinghouse Electric & Manu- 
facturing Company, Chicopee Falls, Mass. 

skeridge, R. M. , Shallcross Controls, Inc., Mil- 
waukee, Wis. 

rt, L. S., Fibreboard Products, Inc., 
Calif. 

rkhardt, N. C., Cutler-Hammer, Inc., Milwau- 
=kee, Wis. 

dwell, R. J., General Electric Company, Pitts- 
field, Mass. 

npbell, S. P., Coleman Lamp and Stove Com- 
pany, Wichita, Kan. 

mpani, L. M., United States Gauge Company, 
Sellersville, Pa. 

a. J. G., 58 Holland Avenue, Floral Park, 


Stockton, 


taldo, V. M., Sears Roebuck and Company, 

New York, N. Y. 

itwood, R. in Kansas Powersand Light Com- 

pany, Hiawatha, Kan. 

mielewicz, E. A., Acme Electric and Manufac- 

turing Company, Cleveland, Ohio. 

sell, R. F., General Electric Company, Erie, Pa. 

oa a Continental Can Company, Oakland, 
ali 

ne, R. F., Norton Company, Chippawa, Ont., 

Canada. 

e, J. D., Schweitzer and Conrad, Chicago, Ill. 

eman, Onk (Member), American Gas and Elec- 

tric Company, New York, N. Y. 

zasen.. J. M.,  Jr.,: Otis ‘Blevator Company, 

New Works. aN. 

averse, H. D. , Fulton Sylphon Company, Knox- 

ville, Tenn. 

 Y- L., General Fire Company, Providence, 

melius, M. P., Officer’s Reserve Corps, Fort 

Bliss, Texas. 

ab, J. RB. , Stromberg Carlson Telephone Manu- 

facturing Company, Rochester, N. Y. 

ss, C. B., Narragansett Electric Company, 

Providence, R. I. 

ta, J; Siet Fuel Oil Company, Inc., Ridgefield 

Park, 

Renae BE, Fibreboard Products, Inc., Antioch, 

tis, E. M., American Steel & Wire Company, 

Worcester, Mass. 

hhatowski, A. W., 7 Limerick Street, Gardner, 

Mass. 

nford, F. E., General Electric Company, Erie, 

Pa 


niel, C. A., General Electric Company, Schenec- 
tady, N. Y. 
ako, J. T., McKeesport Technical High, Mc- 
Keesport, Pa. 
burg, A. van C., Baltimore and Ohio Railroad 
Company, Cincinnati, Ohio. 
vid, T. H., Jr., General Electric Company, Fort 
Wayne, Ind. 
vis, G. (ey General Electric Company, Schenec- 
tady, N. Y. 
vis, L. B., Chesapeake and Potomac alephoue 
Company, Washington, D. C. 
wson, J. H., Sumter Machinery Company, 
Sumter, S. C. 

Gaizo, C. L., Indiana Bell Telephone Com- 
pany, Indianapolis, Ind. 
npsey, W. A., New England Power System, 
Lawrence, Mass. 
kinson, W. H., 105 Haven Avenue, New York, 
N. Y 


hl, R. P., (Member) Park City. Consolidated 

Mines Company, Park City, Utah. 

ison, H. A., Southwestern Light and Power Com- 

pany, Lawton, Okla. 

nby, H. R., General Electric Company, Fort 

Wayne, Ind. 

lahue, J., 266 Gifford Avenue, San Jose, Calif. 

sey, J. S., Monroe Calculating Machine Com- 

pany, Manchester, N. H. 

igherty, C. J., 2122 Cass Street, Fort Wayne, 

Ind. 

rer, R. S., Fansteel Metallurgical Corporation, 

North Chicago, IIl. 

oe H. K., Pacific Lumber Company, Scotia, 
alif. 

ker, K. E., Southern California Edison Com- 

pany Ltd., Big Creek, Calif. 

ae i W., Jr.,5406 Red Oak Drive, Hollywood, 
alif. 

yer, J. J.. Omega Gold Mines Ltd., Larder Lake, 

Ont., Canada. 

er, G.S., Jr., Bell Telephone Laboratories, Inc., 

New York, N. Y. 

is, H. G., General Electric Company, Schenec- 

tady,, IN: Ye 

3, E. P., 19 Curtis Place, Maplewood, N. J. 

ri, ue G., Square D Company, Los Angeles, 
ali 

nhut, W. F., Consolidated Edison Company of 

New York Inc., New York, N. Y. 

fy LORE aE Alabama Power ‘Company, Birming- 

ham, Ala. 
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Elmendorf, C. H., III, aes Telephone Laboratories, 
Inc., New York, N. 

Ember, T., Electrical Pats Inc., Baltimore, 

Eppes, J. B., Jr., Chesapeake and Potomac Telephone 
Company, "Severna Park, Md. 

Erwin, R. A., Department of Water & Power, Los 
Angeles, "Calif. 

Esayian, C. G., Philadelphia Storage Battery Com- 

pany Philadelphia, Pa, 

Escher, H. , Jr., General Electric Company, Bloom- 
field, N. Y 

Evans, G. S., Westinghouse Electric & Manufactur- 
ing Company, Turtle Creek, Pa. 

Evans, T. C., Jr., Federal Power Commission, 
Washington, D. C. 

Eveland, E. H., New York Telephone Company, 
Brooklyn, N. Y. 

Feeney, R. J., Kinnear Manufacturing Company, 
Columbus, Ohio. 

Fenimore, R. A., Indiana Bell Telephone Com- 
pany, Indianapolis, Ind. 


Fenton, R. F., , Box 296, Clarks, La. 

Fingerle, W., te Duro Test Corporation, New 
aes N. N58 

Fink, L. R., 1686 Scenic Avenue, Berkeley, Calif. 


Fisher, CS: Ine. E. I. du Pont de Nemours and Com- 
pany, Buffalo, ING Yi 

Fisher, W. C., 24 Benson Avenue, Westwood, N. J. 

Flarsheim, E. ise Liebel Flarsheim Company, Cin- 
Cinnati, Ohio. 

Fleming, J. G., Cambridge Instrument Company 
Inc., Ossining, NY 

Forsberg, E., John Morrell and Company, Sioux 
Fat Sup! 

Fowler, , Jr., New England Power Association, 
Bee Read. 

Fox, J.-P: Public Service Company of Northern 
Illinois, Evanston, Iil. 

Frederick, W. R., International Business Machine 
Corporation, Endicott, N. Y. 

Friede, H. A. (Member), Police Telegraph and 
Municipal Telephone System, Washington, 

c 


Friel, ar C., 500 Wolverine Building, Ann Arbor, 
Mich. 

Fritschel, P. G., General Electric Company, Sche- 
nectady, N. Y. 

Frolich, J. F., Port of New York Authority, New 
York, N. Y. 

Fuge, H. B., Diehl 
Elizabethport, N. J. 

Gamble, G. L., Bell Telephone Laboratories, Inc., 
New York, NGY 

Garlan, H., 233 East 12th Street, New York, N. Y. 

Garlinghouse, L. E., Idaho Power Company, Twin 
Falls, Idaho. 

Garner, H. J., Board of Fire Underwriters of the 
Pacific, San Francisco, Calif. 

Garr, D. E., General Electric Company, Erie, Pa. 

Gee, S. C., General Electric Company, Schenec- 
tady, N: Y. 

Gibson, M. P., Gibson Dry Goods Company, 
Plattsburg, "Mo. 

Gil, F., Mex. Meridional de Fza., Miacatlan, Mor., 
Mexico. 

Gilardi, A. J., 2552 Haste Street, Berkeley, Calif. 

Gilbert, 00: H, San Diego Consolidated Gas and 
Electric Company, San Diego, Calif. 

Ginn, W. S., General Electric Company, Schenec- 
tady, N. Y. 

Gitelson, S., Simplex Wire and Cable Company, 
Belmont, Mass. 

Goudenkoff, A., Canadian Electrical Manufactur- 
ing Company Ltd., Vancouver, B. C., Canada. 


Manufacturing Company, 


Gouldse JP a Copperweld Steel Corporation, 
Chicago, Til. 
Grady, C. D., 215 No. 12 Boulevard, St. Louis, Mo. 


Grange, L. N., Mountain States Telephone and 
Telegraph Company, Ogden, Utah. 

Granvdal, N., American Chicle Company, Long 
Island City, IN. Y. 


Gray, J. B., Puget Sound Power and Light Co., 


Renton, Wash. 

Gray, S. McK. (Member), Electrical Testing Labo- 
ratories, New York, N. Y. 

Gregory, C. N, Jr., Philadelphia Storage Battery 
Company, Philadelphia, Pa. 

Greulich, R. A., Pacific Telephone and Telegraph 
Company, Elko, Nev. 

Grim, J. S., Jr. (Member), American eetepnene and 
Telegraph Company, New York, N. Y 

Grimshaw, C. S., General Electric Company, 
Schenectady, N. Y. 

Grossman, B., 475 Paulison Avenue, Passaic, N. J. 

Groves, W. E., Radio Station KSL, Salt Lake City, 


Utah. , 

Guenzel, E. G., 326 Union State Bank Building, 
Omaha, Neb. 

Haasch, D. E., Idaho Power Company, Weiser, 
Idaho. 

Haeger, A. J., Guardian Electric Company, 


Ria Fe; Ill. 

Halkins, W. B., Philco Radio and Television Com- 
pany, Philadelphia, Pa. 

Halpert, P., Aerovox Corporation, Brooklyn, N. Y. 

Hammond, EF. C., S. S. White Dental Manufactur- 
ing Company, Staten Island, N. Y. 

Hammond, J. R., Indiana and "Michigan Electric 
Company, South Bend, Ind. 

Harley, P. C., Western Union Telegraph Company, 
New York, Nad 

Hatmon; A. G., 1043 Common Street, Lake Charles, 


Mere J. A., Pacific Scientific Company, Los 
Angeles, Calif. 

Happe, W. H., Jr., 
New York, N. 

Harmer, W. Re EEN ape Electric Com- 
pany Ltd., Toronto, Ont., 


Rpnsolidates Edison Company, 


News 


Harris, P. R., Southwestern Gas and Electric Com- 
pany, Texarkana, Ark. 

Healey, D. S., Jr., General Electric Company, 
Schenectady, N. Y. 

Heath, E. F., Brooklyn Edison Company, Inc., 
Brooklyn, New York. 

Hecht, H. N., 529 Bainbridge Street, Philadelphia, 


Pa. 

Helmuth, R. E., Sunbeam Electrical Manufacturing 
Company, Evansville, Ind. 

Hill, R. A., Western Geophysical Company, Los 
Angeles, Calif. 

Hill, V. F., General Electric Company, Providence, 
Re 


Hill, J. J., Westinghouse Electric & Manufacturing 
Company, East Pittsburgh, Pa. 

Hilton, O. B., Indiana Bell Telephone Company, 
Indianapolis, Ind. 

Hoffman, F. O., Cutler-Hammer, Inc., Milwaukee, 


Wis. 
Hollingsworth, L. M., 
Francisco, Calif. 
Hornfeck, A. J., General Electric Company, Sche- 
nectady, N. Y. 

Horr, A. F., Electric Steam Sterilizing Company, 
New York, N. Y. 

Hottenstein, J. M., Philco Radio and Television 
Company, Philadelphia, Pa. 

Howe, L. McL., Saskatchewan Power Com- 
mission, Saskatoon, Sask., Canada. 

Huck, A. J., Knapp- Monarch and Company, St. 
Louis, Mo. 

Hullinger, O. M., Line Material Company, So. 
Milwaukee, Wis. 

Hunkins, H. R., Western Electric Company, 
Kearny, N. ie 

Hurd, C. T., Allis-Chalmers Manufacturing Com- 
pany, Seattle, Wash. 

Hyde, E: L., Carolina Power and Light Company, 
Raleigh, NC 

Immel, R. B., Westinghouse Electric & Manufactur- 
ing Company, East Pittsburgh, Pa. 

Jeffcock, H. W., 55 Chestnut Street, Cohoes, N. Y. 

Jenks, F L., Jr., Duke Power Company, Spencer, 
N 


667 Ninth Avenue, San 


Johnson, C. R., United States Rubber Products 
Inc., New York, N. Y. 

Johnson, E. F., 3427 Norton Street, Everett, Wash. 

Johnson, H. C., Newton, Abbe and Company, 
Boston, Mass. 

Johnson, Ww. J., Philadelphia Electric Company, 
Philadelphia, Pai 

Johnston, R. W., Commonwealth and Southern 
Corporation, "Jackson, Mich. 

Katz, R., Ohio University, Athens, Ohio. 

Kaufmann, H. A., University of Cincinnati, Cin- 
cinnati, Ohio. 

Kayle, A. W., Western Electric Company, Kearny, 
N : 


rei 
Keim, D. Y., Hygrade Sylvania Corporation, Em- 
porium, Pa. 
Kesey V., 728 North 14th Street, Milwaukee, 
is 
Keranen, E. W., 2021/2 Portage Street, Hibbing, 


inn. 

Kersey L. R., 2946 W. 35th Avenue, Vancouver, 
1 (Crs Canada. 

Killen, R. B., Dayton Power and Light Company, 
Dayton, Ohio. 

King, E. F., Pure Oil Company, Cincinnati, Ohio. 

Kleiman, M., Thompson-Gibb Electric Welding 
Company, Lynn, Mass. 

Klotz, L. J., Jr., Orlando Utilities Commission, 
Orlando, Fla. 

Knightley, W. J., Southwestern Bell Telephone 
Company, Wichita, Kan. 

Kooker, E. M., General Electric Company, Schenec- 
tady, N. vs 

Koontz, H. F., Public Service Company of Okla- 
homa, Vinita, Okla. 

Krach, K. Te wESe Army, 34th Infantry, Ft. George 
‘G. Mead, Md. 

Kropf, V. J., Westinghouse Electric & Manufac- 
turing Company, East Pittsburgh, Pa. 

Kueck, E. F., Square D Company, Detroit, Mich. 

Kuchner, M. H., Otis Elevator Company, New 
York, N. Y. 

L’Allemand, C. C., General Electric Company, 
Schenectady, N. Y. 

La Marsh, J. E., Stewart Warner Corporation, 
Chicago, Ill. 

Lane, H. R., Westinghouse Electric & Manufactur- 
ing Company, East Pittsburgh, Pa. 

Lee, R. R., Fairbanks, Morse and Company, Be- 
loit, Wis. 

Lebenbaum, P., Jr., General Electric Company, 
Schenectady, N. Vv. 

Lehr Riad, A., Burgess Battery Company, Madison, 


Leffell, W. O., University of Tennessee, Knoxville, 
Tenn. 

LeMoire, J. A., Electrical Testing Laboratories, 
New York, N. Y. 

Lewellen, W. K., New England Power Association 
Malden, Mass. 

Lewis, J. E., Minneapolis Honeywell Regulator 
Company, Boston, Mass. 

Lewis, J. W., Holtzer Cabot Electric Company, 
Boston, Mass. 

Lloyd, R. L., Underwriters’ 
New York, N. Y. 

Lounsberry, E. P., Postal Telegraph Cable Com- 
pany, New York, i Bas 

Loving, R. O., Texas. Agricultural and Mechanical 
College, College Station, Texas. 

Luedtke, W. G., Allis-Chalmers Manufacturing 
Company, West Allis, Wis. 

Lukanitsch, L. R., Recording Devices, Inc., New 
Work, sNw Ze 


Laboratories Inc., 


399 


Lundberg, M. E. (Member), Uintah Power and 
Light Company, Roosevelt, Utah. 

Malone, J. D., Jr., New Orleans Public Service 
Inc., New Orleans, La. 

Maloney, F. V., Jr., California Edison Company, 
Los Angeles, Calif. 

peek es P., 110 Florence Avenue, Highland Park, 

ich, 

Margrave, H. E., Kansas Gas and Electric Com- 
pany, Wichita, Kan. 

Marshall, L. E., Jr., Tennessee Valley Authority, 
Chattanooga, Tenn. 

Mason, C. R., General Electric Company, Schenec- 
tady, N. Y. 

Mason, J. W., 3rd, General Electric Company, 
Schenectady, N. Y. 

Mather, N. W., Otis Elevator Company, San Fran- 
cisco, Calif. 

Matthews, R. B., Illinois Testing Laboratory Inc., 
Chicago, Ill. 

McGuire, W. G., Magnolia Petroleum Company, 
New Orleans, La. 

McBrearty, J. J., Pennsylvania Power and Light 
Company, Hazelton, Pa. 

McConnell, V. O., Sinclair Refining Company, 
Houston, Texas. 

McCrary, D. C., Southwestern Light and Power 
Company, Lawton, Okla. 

McGowan, V. B., Commonwealth Edison Com- 
pany, Chicago, Ill. 

McLeod, L. W., Westinghouse Electric & Manufac- 
turing Company, Wichita, Kan. 

McRae, J. W., Bell Telephone Laboratories, Inc., 


Deal, N. J. 

Mechler, E. A., Western Electric Company, 
Kearny, N. 

Meister, M. Ww. Filer and Stowell Company, 


Milwaukee, Wis. 

Mentzer, R. 1B) Indiana and Michigan Electric 
Company, South Bend, Ind. 

Mezger, G. R., Allen B, DuMont Laboratories, Inc., 
Upper Montclair, Nog, 

aq pane H. P., Jr., Underwriters Laboratories, 
Inc., New York, NEY 

Middleton, Ee Clinton, Ont., Canada. 

Miles, H. A., Niagara Lockport and Ontario Power 
Company, Buffalo, N. Y. 

Miller, J. M., Crown Willamette Paper Company, 
Camas, Wash. 

Miller, K. Tes Consolidated Edison Company of 
New York, Inc., New York, N. 

Miller, W. E., Pel "Telephone ane cinan Inc., 
New York, N 

Millman, J., Calieke of City of New York, New 
York, NV 

Mills, J. H., 


Ne J: 

Milner, C. K., Ohio Bell Telephone Company, 
se Ohio. 

Mitchell, J. , Jersey Bell Telephone Company, 
Novae s 

Moa, H., c/o Mr. C. H. Cho, 71 Hammond Street, 
Cambridge, Mass, 

Moehlenpah, W. G., 818 West Eula Court, Mil- 
waukee, Wis. 

Moersch, E. J., General Foods Corporation, Battle 
Creek, Mich. 

Morgan, F. B., Wisconsin Telephone Company, 
Milwaukee, Wis. 

Moreno, A., Jr., General Electric X-Ray Corpora- 
tion, Chicago, Til. 

Morris, BE. BS General Electric Company, Phila- 
delphia, Pa. 

Morrison, H. E., 2535 Channing Way, Berkeley, 


Calif. 
Mudie, J. G., Detroit Edison Company, Detroit, 


American Lava Corporation, Newark, 


Mich. 

eS J. T., 20 Blanken Avenue, San Francisco, 

alif. 

Murray, J. C., Jr., Crescent Instrument Wire and 
Cable Company, Trenton, N. J. 

Nealy, V. L., Texas Pipe Line Company, Houston, 
Texas. 

Neu, J., 16 West 71st Street, New York, N. Y. 

Newton, J. P. ear aete! Electric Company, Schenec- 


tady, N. 

Norberg, C. G., United Dry Docks, Inc., Staten 
Island, N. Y. 

Normann, in A., New York Telephone Company, 
New York, N. Vi 

Noweck, H. E., Western Electric Company, Balti- 
more, Md. 

Oetting, R. L., General Electric Institute, Cleve- 
land, Ohio. 


Olson, E. ihe Southern California Edison Company 
Ltd., Los Angeles, Calif. 

Ora, S. M., Jr., General Electric Company, Schenec- 
tady, N. Y. 

Ott, R. V., Carnegie Illinois Steel 
Youngstown, Ohio. 

Owings, S. B., Harnischfeger Corporation, Milwau- 
kee, Wis. 

Partridge, W. F., Hart Manufacturing Company, 
Poughkeepsie, N. Y. 

Pearce, T. C. (Member), Potomac Electric Power 
Company, Washington, D. 

Pekin, H. T., Tung-Sol Lamp Works, 
N. 


Company, 


Newark, 


J. 

Pendleton, W. W., General Electric Company, 
Schenectady, N. Y. 

Pettersen, R. H., Brooklyn Edison Co., Inc., New 
York, N. van 

Peterson, ey R., Washington Water Power Com- 
pany, Spokane, Wash. 

Phillips, A. H., E. M. Gilbert Engineering Corpora- 
tion, Reading, Pa. 

Phillips, T. A., Central Arizona Light and Power 
Company, Phoenix, Ariz. 

Pickell, J., Jr., Southern Bell Telephone and Tele- 
graph Company, Columbia, S. C. 
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Plumb, L. A., Bausch and Lomb Optica] Company, 
Rochester, N. Y. 

Pochkhanawalla, A. M., General Electric Com- 
pany, Schenectady, N. Y. 

Pollack, D., 311 Cooper Street, Camden, N. J. 


Ponichtera, A. J., Western Electric Company, 
Kearny, Nav: 

Porter, F. C., 859 South Genois Street, New Or- 
leans, La. 


Powell, E. E., Southwestern Bell Telephone Com- 
pany, Wichita, Kan. 

Profit, A. F., Jr., Federal Power Commission, 
Washington, D. C. 

Qurollo, J. J., Jr., Western United Gas and Electric 
Company, Aurora, IIl. 

ee S. R., 3426 North 1st Street, Milwaukee, 

is. 

Radunsky, M. M., Knapp Monarck Electrical 
Company, St. Louis, Mo. 

Ramo, S., General Electric Company, Schenec- 
tady NE Y. 

Randall, E. W., Jr., Stone and Webster Engineering 
Corporation, Erie, Pa. 

Rarick, (Ey AY, ‘Albertson Company Inc., 
City, Iowa. 

Rhyneer, S. M., P. O. Box 121, Absarokee, Mont. 

Richman, S. L., Westinghouse Electric & Manu- 
facturing Company, Newark, N. J. 

Rigby, C. J., General Electric Company, Schenec- 
tady, N. Y. 

Rieves, M. H., Commonwealth Edison Company, 
Chicago, Til. 

Rist, R. M., Gibbs and Hill Inc., New York, N. Y. 

Robinson, W. L., Western Electric Company, Chi- 
cago, Ill. 

Roeseler, W. L., Co. 4729 CCC, Belton, Mont. 

Rogo, R. G., Consumers Power Company, Detroit, 
Mich 


ich, 
Rene N. B., Paper Mill, Spring Grove, Pa. 
Romain, B. P. (Member), Weston Electrical Instru- 
ment Corporation, Newark, N. J. 
Rosta, J. G., 52 Robinson Street, New Brunswick, 


Sioux 


N. J. 
Roth, E. C., Phillips Petroleum Company, Wichita, 


Kan. 
Sandlin, D. S., Box 395, Ola, Ark. 

Sarlin, F., Jr., Chesapeake and Potomac Telephone 
Company, of Baltimore City, Essex, Md. 
Savage, P. R., Woodbury Telephone Company, 

Woodbury, Conn. 
Savoie, C. C., Lula Plantation, Belle Rose, La. 
Saxon, F. A., Georgia Power Company, Augusta, 


Ga. 
Scanlan, J. M., Indiana Bell Telephone Company, 
Indianapolis, Ind. 
Schenker, B., Diehl Manufacturing Company, 
Elizabethport, N. J. 
penjonbere, C. S., 60 East 5th Street, Houghton, 
ic 


Schopp, O. J., General Electric Company, Schenec- 
tady, N. Y. 
Schroeder, T. W., Cooeret Electric Company, 


Schenectady, N ; 

Schuck, H. V., reumbull Electric Manufacturing 
Company, Ludlow, Ky. 

Schultis, J. J., Cleveland Railway Company, 
Cleveland, Ohio. 

Schulz, E. H., University of Texas, Austin, Texas. 

Schuster, E. F., American Transformer Company, 


Newark, N. Ue 

Schwalbert, W. H,, Toledo Edison Company, To- 
ledo, Ohio 

SCottsehamelay General Electric Company, Schenec- 
tady, N.Y 


Scott, J. M., Jr., , Westinghouse Electric & Manufac- 
turing Company, East Pittsburgh, Pa. 

Seaward, C. R., General Electric Company, Sche- 
nectady, N. Ys 

Sader Sate , Apex Steel Company, Los Angeles, 


Shackton, W. H. (Member), Allen Bradley Com- 
pany, Milwaukee, Wis. 

Shanks, W. A., Harnischfeger Corporation, Mil- 
waukee, Wis. 

Shapiro, E. J., Standard Air Conditioning Inc., 
New Rochelle, NiO 

Sharp, W. O., Bell Telephone Laboratories, Inc., 
New York, Nay: 

Shipley, R. B., ‘Tennessee Public Service Company, 
Knoxville, Tenn. 

Shirtum, R. Sy Emerson Electrical Manufacturing 
Company, St. Louis, Mo. 

Silvey, W. R., New York Telephone Company, 
New York. 

Simpson, H. J., 
Fresno, Calif. 

Slattsony Ha 7, rey 
wich, Conn. 

Smith, B. H., Jr., Westinghouse Electric & Manu- 
facturing Company, East Pittsburgh, Pa. 

Smith, C. G., Pacific Gas and Electric Company, 
Salinas, Calif. 

Smith, H. A., Youngstown Sheet and Tube Com- 
pany, Indiana Harbor, Ind. 

Smith, H W., Oklahoma Gas and Electric Com- 
pany, Oklahoma City, Okla. 

Smith, C. G., Pacific Gas and Electric Company, 
Salinas, Calif. 

Smith, K. C., New England Power Service Com- 
pany, Boston, Mass. 

Smith, W. P., University of Minnesota, Minneapo- 
lis, Minn, 

Smithgall, H. E., Jr., Hygrade Sylvania Corpora- 
tion, Emporium, Pa. 

Smrz, G. L., Line Material Company, South Mil- 
waukee, Wis. 

Smulin, L. D., Ohio Brass Company, Barberton, 
Ohio 

Soule, J. W., Wisconsin Public Service Corporation, 
Green Bay, Wis. 


Gearhart Radio Corporation, 


7 Brookside Park, Old Green- 


News 


Spencer, F. A. (Member), Norwich University, 
Northfield, Vt. 

Sprinkle, R. 1Dy Belmont Radio Corporation, 
Chicago, Ill. 

Stapp, W. H., Jr., Colorado State Highway De- 
partment, Denver, Colo. 


eh W. H., Jr., Bristol Company, Waterbury, 

onn. 

Stewart, H. L., Tennessee Valley Authority, Leba- 
non, Tenn. 


Stiles, R. G., P. O. Box 254, Middlebury, Vt. 

Stodola, E. i Radio Engineering Laboratory Inc., 
ee Island City, N. 

base san bios Lee Ee Sirrine and Company, Green- 
ville, 

Stulginskis, ey AY (Member), United Engineers & 
Constructors, Inc., Philadelphia, Pa. 


Stumpf, G. H., Automatic Switch Company, 
New York, N. Y. 

Stutz, G. W., Fairbanks, Morse and Company, 
Chicago, Ill. 

Sudlow, W. H., Georgia Power Company, Augusta, 
Ga. 

Summers, C. M., New York Central Railroad, Chi- 
cago, Il. 


Taggart, R. D., Moore Steam Turbine Corporation, 
Wellsville, N. Y. 

Tankersley, C. E., Georgia Power Company, Au- 
gusta, Ga. 

Tanner, D. W., General Electric Company, Erie, 
P 


a. 

Taylor, C. M., 354 Euclid Avenue, Elmira, N. Y. 

Taylor, J. K., Rural Electrification Administration, 
Washington, 1D (es 

Teitler, A., Jr., Cornell Dubilier Corporation, 
South Plainfield, Nee 

Terry, J. E., Ritter Dental Manufacturing Com- 
pany, Rochester, Ns 

Terwilliger, D. D., Atlantic City Electric Company, 
Salem, N. J. 

Thomas, J. F., Texas Power and Light Company, 
Dallas, Texas. 

Trevino, R. C., P. O. Box 1105, Edinburg, Texas. 

Turnau, W. F., General Electric Vapor Lamp Com- 
pany, Hoboken, N. J. 

Ulans, R. I., Consolidated Edison Co. of New York, 
Inc., New York, N.Y. — 

Van Haste, W., Bell Telephone Laboratories, Inc., 
New York, N. Y. 

Varhus, H. H., Minneapolis General Electric Com- 

pany, Minneapolis, Minn. 

Volkhardt, V. (Miss), 1101 Emerson Street, Palo 
Alto, Calif. 

Wainola, A. J., 1219 Dwight Way, Berkeley, Calif. 

Wainwright, R. M., Montana Power Company,. 
Butte, Mont. 

Walker, J. R. precy General Cable Corpora- 
tion, New York, N. Y. 

Wallace, F. R., General Electric Company, Te- 
cumseh, Kan. 

Walter, G. B., 20 Belmont Street, Englewood, N. J- 

Ward, S., Lehigh Foundries Inc., Easton, Pa. 

Wareing, J. F., New Bedford Vocational School, 
New Bedford, Mass. 

Warshaw, J., Brush Development Company, 
Cleveland, Ohio. 

Watson, P. R., General Electric Company, Schenec- 


tady, N. Y. 
ware Sane Jr., Zinsmeyer Company, Los Angeles, 
alif. 
Weiss, H. M., Brush Development Company, 


Cleveland Heights, Ohio. 

Welch, R. C., General Electric Company, Schenec- 
tady, N.Y. 

Well, A. C., General Electric Company, Schenec- 
tady, N. Y. 

Welton, W. R., Connecticut Light and Power Com- 
pany, Waterbury, Conn. 

Weir, A. M., Square D Company, Canada Ltd., 
Toronto, Ont., Canada. 


Wertz, C. W., General Electric Company, Schenec- 


tady, N. ave 

Wessells, W. T., Franklin Electric Company, 
Philadelphia, Pa. 

West, S. B., General Electric Company, Pittsfield, 


Mass, 
Westcott, H. H., Ritter Dental Company, Roch- 
ester, N. Y. 


Westrate, M., Commonwealth and Southern 
Corporation, Jackson, Mich. 

Whitaker, J. A., Douglas Aircraft Company, 
Ocean Park, Calif. 

Whipp, D. M., Box 312, Avalon, Calif. 

Whitney, T. G., Electrical Research Products Inc., 
New York, N. Y. 

Wilkens, K. N., Mueller Brass Company, Port 
Huron, Mich. 

Winters, H. R., Oklahoma Gas and Electric Com- 
pany, Sapulpa, Okla. 

Wyndrum, R. W., American Telephone and Tele- 
graph Company, New York, N. Y. 

York, J. W., Westinghouse Electric & Manufac- 
turing Company, East Pittsburgh, Pa. 

Zaccaria, J. N., 113 Shaler Avenue, Fairview, N. J. 

Zazvorka, J., Jr., 256 Humble Building, Houston, 


Texas, 
Zenoni, W. E., 2750 Paulding Avenue, Bronx, New 
Yorks No Ye 
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Amado, J. J., Jr., Panama Electrica, S. A., Panama 
City, Panama, 

Carr, T. H. (Member), National Boiler and General 
paaponce Company Ltd., Manchester, Eng- 


DeMal, umn J., Ganges Canal Grid Hydro Elec- 
tric Scheme, Colombo, Ceylon. 


ELECTRICAL ENGINEERING 


Dexter, L. H., Porto Rico Railway Light and 
Power Company, San Juan, Porto Rico. 

Garcia, J. B., Compania Mexicana de Petroleo 
“El Aguila,” Tampico, Tamps., Mexico. 

Gruenberg, W. E., Lago Oil and Transport Com- 
pany, Ltd., Aruba, Dutch West Indies. 

Kapur, R. N., British Insulated Cables Ltd., 
Peshawar, India. 

Kondo, H., Yasukawa Electric Works, Yawata, 
Fukuoka-ken, Japan. 

Moody, H. T. (Member), Rangoon Elec. Tramway 
& Supply Company, Ltd., Rangoon, Burma. 

Stromberg, T. V., ASEA, Vasteras, Sweden. 

Tien, C., Lohochai, Yenchenghsien, Honan, China. 

Tillekeratne, T. S. V., Ganges Canal Grid Hydro 
Electric Scheme, Colombo, Ceylon. 

Uhl, A. H., Synthetic Carbon and Engineering 
Company Ltd., Middlesex, England. 

Velez, R. J., Central Juneos, Porto Rico. 


14 Foreign 


Addresses 
Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
addresses as they now appear on the Institute 
record. Any member knowing of corrections to 
these addresses will kindly communicate them at 
once to the office of the secretary at 33 West 39th 
St., New York, N. Y. 


Eiler, E. E., 101 Brookline Court, Upper Darby, Pa. 
Godoy, Ernesto R., Cia. Tel. y Tel. Mex., 16 de 
Septiembri No. 13, Mexico, D. F., Mex. 
Hale, Edward E., Public Service Commission of 

New York, 80 Centre St., New York, N. Y. 
Jones, Harry Kenneth, 5511 Kenmore Ave., Chi- 
cago, Ill. 
Brcs, Leroy C., 3414—17th St., N., Cherrydale, 


a. 

Miyota, Nath S., 9161/2 Howell St., Seattle, Wash. 

eer everett, 821 Sunset Blvd., Los Angeles, 

alif. 

Peach, Paul S., Upperville, Va. 

Pollastro, John B., Helper, Utah. 

Sawyer, Fred E., 811 E. Wisconsin Ave., Milwau- 
kee, Wis. 

Wickel, F. A., Pier 42, Dollar S. S. Lines, San 
Francisco, Calif. 

Wong, Harry Y. L., 771 Broadway, West New 
York, N. J. 


12 Addressed Wanted 


Engineering 
a erature 


New Books 
in the Societies Library 


Among the new books received at the Engi- 
meering Societies Library, New York, recently. 
are the following which have been selected be- 
cause of their possible interest to the electrical 
engineer. Unless otherwise specified, books listed 
have been presented gratis by the publishers. The 
Institute assumes no responsibility for statements 
made in the following outlines, information for 
which is taken from the preface of the book in 
question. 


CONGRES INTERNATIONAL des APPLICA- 
TIONS ELECTROCALORIFIQUES et ELEC- 
TROCHIMIQUES, Schéveningue, June 1936. 
Recueil des Travaux et Compte-Rendu des Séances. 
Publié sous la direction de l’institution Néerlandaise 
des Applications Electrocalorifiques et Electro- 
chimiques, Secrétariat: Arnhem, Nachtegaalspad 
1, Pays-Bas. Moorman’s Periodieke Pers N.V., 
La Haye, September, 1936. 336 p., illus., diagrs., 
charts, tables, 10x6 in., cloth, 6 guilders. In- 
cludes papers on industrial electric heating, electric 
furnaces, and the heat treatment of metals. Some 
papers are in English, the remainder in French or 
German. 


CONNECTING INDUCTION MOTORS. By 
A. M. Dudley. 3ed. N. Y. and Lond., McGraw- 
Hill Book Company, 1936. 464 p., illustrated, 
9x6 in., cloth $3.50. A practical guide to con- 
nection and repair of induction motors and in solv- 
ing questions of making changes to meet varying 
conditions of voltage, current, and phase. 


ELEKTRISCHE MASCHINEN. Volume 4. 
Die Induktionsmaschinen. By R. Richter. Berlin, 
Julius Springer, 1936. 440 p., illustrated, 9x6 in., 
cloth, 30 rm. Discusses the theory and design of 
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single-phase and polyphase generators, motors, and 
voltage regulators. A-C commutator machines are 
omitted for consideration in a later volume. Use- 
ful to the advanced student. 


_ MACRAE’S BLUE BOOK with which has been 
incorporated Hendrick’s Commercial Register 
44 ed. 1936/1937. Chicago, MacRae’s Blue Book 
Company, 3,372 p., 11x8 in., cloth, $15.00 An 
annual directory following established lines. In- 
cludes lists of manufacturers of all industrial 
products, trade names, and trade facilities. Pro- 
vides information on the makers of any product. 


MATERIALPRUFUNG mit RONTGEN- 
STRAHLEN unter besonderer Beriicksichtigung 
der Réntgenmetallkunde. By R. Glocker. 2 ed. 
Berlin, Julius Springer, 1936. 386 p., illustrated, 
9x6 in., cloth, 83 rm. A practical text on the 
application of X rays to the study of metals. 
Discusses the production of X-rays, their properties 
and application. Emphasis is placed on practical 
methods of procedure. 


MERCURY ARCS. By. F. J. Teago and J. F. 
Gill. Lond., Methuen and Company, 1936. 104 p., 
illustrated, 7x4 in., cloth, 3s. A brief outline of 
the more important electrical, mechanical, and 
operational features of the mercury are. Adapted 
to those who wish a compact statement of modern 
views. 


EIN NEUES ELEKTRISCHES SPRECH 
GERAT ZUR NACHBILDUNG der MEN- 
SCHLICHEN VOKALE. (Einzelausgabe aus den 
Abhandlungen der PreussiSchen Akademie der 
Wissenschaften Jahrgang 1936. Phys.-Math. 
Klasse. Nr. 2). By K. W. Wagner. Berlin, Verlag 
der Akademie der Wissenschaften in Kommission 
bei Walter de Gruyter & Co., 1936. 44 p., illustra- 
ted, 11x6 in., paper, 3 rm. Describes a new elec- 
trical instrument for studying and reproducing the 
vowel sounds of the human voice, and gives the 
results obtained by the author. 


SOUND EQUIPMENT, MOTION PICTURE 
PROJECTION, PUBLIC ADDRESS SYSTEMS. 
By J. R. Cameron. Woodmont, Conn., Cameron 
Publishing Company, 1936. 326 p., illustrated, 
8x5 in., cloth, $5.00. Affords a course of instruc- 
tion in the projection of sound pictures; the con- 
peuenen and operation of equipment is described 
in detail. 


VALUE THEORY and BUSINESS CYCLES. 


By H. L. McCracken. 2 ed. : 
McGraw-Hill Book Company, 259 p., 
charts, 9x6 in., cloth, $4.00. Designed to bring 
out the vital and fundamental relationship between 
value theory and business cycles. 


VIBRATION and SOUND. By P. M. Morse. 
N. Y. and Lond., McGraw-Hill Book Company, 
1936. 351 p., 9x6 in., cloth, $4.00. Intended 
primarily for students of physics and communica- 
tion engineering, and is based on courses given at 
the Massachusetts Institute of Technology. Aims 
to give a general introduction to the theory of 
vibration and sound. 


WIRELESS ENGINEERING. By L. S. Pal- 
mer. N. Y. and Lond., Longmans, Green, and Co., 
1936. 544 p., illustrated, 9x6 in., cloth, $7.50. A 
revised and enlarged edition of ‘‘Wireless Principles 
and Practice.” Provides information on all 
branches of radiotelegraphy and radiotelephony, 
in which theory and practice are combined. 
Suited to graduate students and practicing engi- 
meers in need of a reference book. Contains 
material on ultrashort-wave radio, beam-antenna 
systems, propagation through the ionosphere, and 
quartz oscillators. 


APPLIED RADIOCHEMISTRY. (George 
Fisher Baker Nonresident Lectureship in Chem- 
istry at Cornell University.) By O. Hahn. Ithaca, 
N. Y., Cornell University Press, 1936. 278 p., 
illustrated, 9x6 in., cloth, $250. Discusses the 
utilization of radioactive atoms as representatives 
of chemical elements in various lines of chemical 
research. Based upon lectures given at Cornell 
University in 1933. 


SURVEY of the PRESENT ORGANIZATION 
of STANDARDIZATION; NATIONAL and 
INTERNATIONAL, published by the Central 
Office of the World Power Conference, Lond., 
W.C.2, 36 Kingsway, 1936. 55 p., tables, 11x7 
in., paper 3s. 6d. (Gift of American National 
Committee, Interior Bldg., Washington, D. C.) 
Presents the facts regarding the national organiza- 
tion of standardization in 33 countries, and of 2 
international bodies. 


ASTM STANDARDS on ELECTRICAL IN- 
SULATING MATERIALS, prepared by Commit- 


tee D-9, Specifications, Methods of Testing. 
September 1936. Philadelphia, Pa., American 
Society for Testing Materials, 1936. 329 p., 


illustrated, 9x6 in., paper, $2.00 ($1.50 to mem- 
bers). Includes the 1936 report of the committee 
on electric insulating materials with the proposed 
revisions of standards. 


ELECTRICITE (Agenda Dunod) by L.-D. 
Fourcault. 56 ed. 392 p. Paris, Dunod, 1937. 
illustrated, 6x4 in., cloth, 20 frs. Contains numer- 
ical and other data frequently wanted by electrical 
engineers. Small enough for the pocket. 
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Engineering Societies Library 
99 West 39th Street, New York, N. Y. 


AINTAINED as a public reference library 

of engineering and the allied sciences, this 
library is a co-operative activity of the national 
societies of civil, electrical, mechanical, and min- 
ing engineers. 

Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi- 
cient to cover the cost of the work required. 


A collection of modern technical books is 
available to any member residing in North Amer- 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 

Many other services are obtainable and an 
inquiry to the director of the library will bring 
information concerning them. 


Les COMMUNICATIONS RADIO-ELECTRI- 
QUES, part 2. By H. de Bellescize. Paris, 
Gauthier-Villars, 1936. 218 p., illus., 10x7 in., 
paper, 30 frs. (parts 1 and 2, 50 frs.). Discusses 
fundamental problems of radio communication, 
such as the elimination of interference and the 
increasing ot certainty of communication. 


ACCOUNTING PRINCIPLES for ENGI- 
NEERS. By C. Reitell and C. Van Sickel. 2 ed. 
N. Y. and Lond., McGraw-Hill Book Company, 
1936. 518 p., 9x6 in., cloth, $4.00. Sets forth 
the elementary principles of accounting upon which 
accurate cost findings are based, including account- 
ing technique, basic principles of valuation, factory 
controls, revenue accounts, and the outline of 
advanced cost finding. Based upon a course given 
at the University of Pittsburgh. 


Book of ASTM STANDARDS issued triennially. 
1936. 2 volumes. Philadelphia, Pa., American 
Society for Testing Materials. Illustrated, 9x6 
in., lea., part 1, 898 p., $7.50; part 2, 1477-p., 
$7.50 (2 parts, $14.) Contains standard specifica- 
tions, test methods, recommended practices, and 
definitions formally adopted by the society. One 
part covers metallic materials; the other, non- 
metallic materials. . 


ATM—Archiv fiir Technisches Messen. Liefer- 
ungen 63-66, September—December 1936. Munich 
and Berlin, R. Oldenbourg. Illustrated, 12x8 in., 
paper, 1.50 rm. Devoted to brief accounts of new 
developments in apparatus and methods for tech- 
nical measurements. 


AMERICAN ELECTRICIANS’ HANDBOOK. 
By T. Croft. 4th edition revised by C. C. Carr. 
New York and London, McGraw-Hill Book Com- 
pany, 1936. 1051 pages, illustrated, 7x4 in., 
leather, $4.00. A handbook for wiremen, contrac- 
tors, linemen, and plant superintendents. 


ANALYSES of BUSINESS CYCLES. By A. B. 
Adams. New York and London, McGraw-Hill 
Book Company, 1936. 292 pages, illustrated, 
9x6 in., cloth, $3.00. Discusses the causes of 
business fluctuations and suggests reforms in 
business practices that would tend to eliminate. 
extreme cycles. 


CONNECTING and TESTING DIRECT- 
CURRENT MACHINES. By F. A. Annett and 
A. C. Roe. 2nd edition. New York and London, 
McGraw-Hill Book Company, 1937. 302 pages, 
illustrated, 9x6 in., cloth, $3.00. Gives practical 
instructions for the reconnection of d-c machines 
for a change in voltage or speed, or both, and also 
for locating and remedying faults. 


ELECTRIC ARC WELDING PRACTICE. 
By H. I. Lewenz. London, Crosby Lockwood and 
Son, 1936. 126 pages, illustrated, 9x6in., cloth, 
8s. 6d. Describes the principles and practice of 
arc welding; intended to assist those who have 
actually to carry out the work. 


ELECTRICIDY= By Wa LL: 
York, Macmillan Company, 1936. 272 pages, 
illustrated, 9x6 in., cloth, $4.00. Presents the 
substance of the series of lectures delivered at the 
Royal Institution in 1934. Deals with the be- 
havior of electrical charges, electrical circuits and 
magnets, and with such fundamental apparatus as 
cells and motors. Describes in detail the electrical 
apparatus in use in everyday life; written for the 
layman. 


ELEKTROMOTOR und ARBEITSMAS- 
CHINE. (Schriftenreihe Ingenieurfortbildung, 
Heft 1.) By F. Moeller and O. Repp. Berlin, 
J. Springer, 1936. 157 pages, illustrated, 9x6 in., 
paper, 4.80 rm. A practical textbook on electric 
motors and their use for driving machinery. 
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Large Motor Standardization.—Electrical 
drives even for large power requirements 
have been developed to the extent that 
they are rapidly becoming standardized. 
For example, Westinghouse has _ built 
thirty-two identical steel mill motors rated 
at 1250 hp, 600 volts, 300-600 rpm. In- 
stalled in 4 different steel manufacturers’ 
plants, each is used for driving cold strip or 
sheet mills. 


New Roebling Branch Manager.—Arthur 
E. Gaynor has been appointed manager 
of the New York branch of John A. Roeb- 
ling’s Sons Co., succeeding William P. 
Bowman, who died on January 22. 


Cutler-Hammer Appointment.—T. D. Mont- 
gomery was recently appointed by Cutler- 
Hammer, Inc., Milwaukee, as manager of 
the foreign sales division. 


Emerson Electric Appointment.—The Emer- 
son Electric Mfg. Co., St. Louis, has an- 
nounced the appointment of Eugene P. 
Farris as manager of specialty sales, suc- 
ceeding H. L. Parker, Jr., resigned. 


Lincoln Electric Appointments.—The Lin- 
coln Electric Co., Cleveland, Ohio, an- 
nounces the appointment of B. J. Brugge, 
who spent 2 years superintending welding 
operations in the Near East, to the sales 
staff of its Los Angeles office. W. R. 
Smith has likewise been appointed to its 
sales staff. Robert .A. Wilson, George 
Mandula, and A. T. Cox, Jr. have been ap- 
pointed to the staff of the Chicago office. 


Pole Mounted Capacitors.——A new type 
of weather-proof, steel clad, hermetically 
sealed 15 kva capacitor unit, suitable for 
pole mounting on distribution circuits, is 
announced by Westinghouse Electric & 
Mfg. Co., East Pittsburgh. These units 
contain an internal discharge device and are 
provided with means of mounting on 
brackets to crossarms or direct to poles, 
or in groups of four on single angle iron 
racks, making possible inexpensive in- 
stallations up to 180 kilovoltamperes on 
one pair of crossarms. 


Marshall Electric Company Sold.—The 
Ideal Commutator Dresser Co., Sycamore, 
Ill., announces the acquisition of the Mar- 
shall Electric Co. of Elkhart, Ind., manu- 
facturers of automatic regulators for volt- 
age, current and speed control of elec- 
trical equipment. The operations of the 
acquired company will be transferred as 
rapidly as possible to Sycamore and con- 
solidated with the engineering, research 
and other departments of the purchaser. 


Westinghouse Office to Move.—The West- 
inghouse Electric & Mfg. Co. will move its 
Pittsburgh office and some of its general 
offices now located at East Pittsburgh, to 
the Union National Bank Building in Pitts- 
burgk about May 1. Occupying nine 
floors of the building, from the fifth to the 
thirteenth floors, the Pittsburgh district 
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office, subsidiary district offices and head- 
quarters offices including executive, legal, 
industrial relations, sales and accounting 
departments, will be centrally located in 
the Union Bank Building to facilitate their 
operations. Formerly the company’s dis- 
trict office and subsidiary offices had been 
in this same building. 


Trade leeratare 


Light-Sensitive Cell.—Bulletin GEA-2467, 
16 pp. Describes G-E light-sensitive cell, 
including complete technical and descrip- 
tive data. General Electric Co., Schenec- 
tady, N. Y. 


Beryllium Copper Alloys.—Folder, 8 pp. 
Describes the properties of these heat- 
treatable copper alloys; lists electrical ap- 
plications, among others, where it may be 
used to advantage. Beryllium Corp. of 
Pennsylvania, Reading, Pa. 


Transformers.—Bulletin GEA-2442A, 8 pp. 
Describes unit-type distribution trans- 
formers; each unit completely self-con- 
tained, incorporating lightning and overload 
protection, overload indication, etc. Gen- 
eral Electric Co., Schenectady, N. Y. 


Transformers.—Catalog 105, 16 pp. De- 
scribes and illustrates the various phases of 
distribution transformer manufacture, show- 
ing cut-away models and including tables of 
voltage ratings, accessories, and price lists. 
R. E. Uptegraff Manufacturing Co., 316 
No. Lexington Ave., Pittsburgh, Pa. 


Capacitors.—Bulletin GEA-2494, 20 pp. 
Describes pole type distribution capacitors; 
a detailed presentation of power factor 
correction in distribution circuits and the 
applications and advantages of this type of 
equipment. General Electric Co., Schenec- 
tady, N. Y. 


Group Operated Switches.—Bulletin 50, 
Cat. Sec. No. 1, 4 pp. Describes high- 
voltage, group operated switches, 88,000-S 
to 200,000 volts. This type is a rotating 
insulator, vertical break switch for outdoor 
substation and transmission line service. 
Pacific Electric Mfg. Corp., 5815 Third 
St., San Francisco, Calif. 


Outdoor Bus Supports.—Descriptive Data 
36-220, 16 pp. Includes specifications for 
apparatus insulators for standard and heavy 
duty service, bus supports for various types 
of mountings, and clamps for outdoor 
channel buses. Westinghouse Electric & 
Mfg. Co., E. Pittsburgh, Pa. 


Switchboards. 
pp., ‘‘Modern 


Bulletin GEA-2258A, 12 
Switchboard Styling.” 


Largely a photographic treatment of the 
subject, illustrating the better appearance 
made possible by semiflush 
mounting and available with control panels, 
metal-clad gear, cubicles, etc. 
Electric Co., Schenectady, N. Y. 


Transformers.—Bulletin 1186, 12 pp. De- 
scribes Type ‘“‘SB”’ outage free distribution 
transformers. Discusses principles of 
operation, how transient surges are diverted, 
and the methods used to provide protec- 
tion, as well as construction details of the 
transformers and protective equipment. 
Allis-Chalmers Mfg. Co., Milwaukee, Wis. 


Control Engineering Service.—Booklet, 8 
pp. Describes an engineering service for 
adapting leading manufacturers’ apparatus 
to control problems of all kinds in every 
industry, and combining consultation, 
manufacturing, contracting, supervision and 
guaranteed results wherever a _ control 
problem arises to be 
Control Co., Cambridge, Mass. ; 


Motor Bearings.—Bulletin EM-7, 40 pp. 
Describes and illustrates over 200 electric 
motor bearings. Alphabetical, progressive, 
and numerical size listings include bearings 
for any type motor. Sections are incor- 
porated on bronze cored and solid bars, 
hexagon bars, lead-base and tin-base babbitt 
and general purpose phosphor bronze bear- 
ings. Johnson Bronze Co., New Castle, Pa. 
Bulletin 


Tachometer. 705, 2 pp. De- 


~ scribes a new, normal rate hand tachome- 


ter, represented as about the most accurate 
device made for speed measurements The 
instrument has a scale graduated into 40 
divisions. On the 1000 rpm range, this 
means that the instrument is arranged for 
5 rpm per division and is quite easy to read 
to one fifth of a division or 1 rpm in 1000. 
Herman H. Sticht & Co., 27 Park Pl., New 
York City. 


Power-Factor Correction.—Reference table 
for calculating necessary capacitor kva to 
correct load to desired power-factor. The 
chart among other functions computes the 
reactive kva required to raise the power- 
factor to any desired percentage. The re- 
verse side of the chart shows the amount 
of current drawn by capacitors and also 
specifies the sizes of switches to be used 
with varying sizes of capacitors. Cornell- 
Dubilier Corp., South Plainfied, N. J. 


Micromax Recorder.—Die-out ND(1), 8 pp. 
A novel advertising piece demonstrating 
the Silver-Anniversary Micromax Recorder. 
Cut to the actual shape of the recorder, 
the door of the case opens and swings out the 
chart carriage and whole mechanism into 
view, just as may be done with the actual 
instrument. Inside and out each unit is in 
true perspective, with chart and record in 
color. Though its range is that of a typical 
temperature recorder, the model demon- 
strates equally well the automatic indicat- 
ing and recording of any of a wide variety of 
process conditions—not only temperature, 
but chemical concentration, pH, per cent 
CO:, smoke density, liquid level, speed, 
frequency, load, voltage, etc. Leeds & 
Northrup Co., 4962 Stenton Ave., Phila- 
delphia, Pa. 
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